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ABSTRACT 

The  geometry,  origin  and  environments  of  deposition  of 
the  Medicine  Hat  Sandstone  Member  of  the  Upper  Colorado  Shale 
(Upper  Cretaceous)  in  southeastern  Alberta  and  southwestern 
Saskatchewan  were  investigated  by  examining  core  from  35  wells 
and  by  lithological  interpretation  of  317  electric  and  488  radiation 
logs. 

The  reservoir  consists  of  an  east-west  trending,  elongated 
lenticular  body  of  quartz  rich  lithic  sandstone.  Rock  fragments 
consist  of  chert,  shale  and  coaly  material.  Matrix  is  the  primary- 
binding  material  but  calcite  cement  is  also  sporadically  distributed 
in  the  sandstone.  Three  detrital  c  lay  miner  a  Is,  kaolinite,  iliite 
and  chlorite  are  present  in  the  sandstone.  Except  for  pyrite, 
which  is  authigenic,  all  components  of  the  sandstone  are  probably 
reworked  coarser  components  of  the  enclosing  Colorado  Shale. 

The  sand  was  probably  deposited  on  a  relatively  flat  shoal  by  weak 
waves  and  currents  in  a  shallow  sea. 

Data  obtained  from  electric  and  radiation  logs  for  22 
common  wells,  and  by  systematically  sampling  maps  of  the  same 
surface  or  interval  based  on  these  two  sources,  were  compared 
statistically  by  using  a  simple  linear  regression  model.  Isopach 
values  from  the  two  sources  have  a  very  poor  statistical  correla- 
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tion  (R)  whereas  structural  elevations  are  statistically  comparable 
and  can  be  combined  for  the  construction  of  maps  and  cross 
sections.  The  degree  of  correlation  may  be  dependent  on  the 
density  of  well  control. 

Thicknesses  of  sand  in  the  Medicine  Hat  Sandstone 
Member,  calculated  from  5  millivolts  and  10  millivolts  minimun 
spontaneous  potential  are  statistically  comparable  with  higher 
values  obtained  using  the  5  millivolts  deflection. 

A  similarity  of  structural  features  on  top  of  the  Medicine 
Hat  Sandstone  and  top  of  the  Colorado  Group  shown  by  contoured 
maps  for  the  two  surfaces  is  supported  by  results  obtained  from 


a  statistical  comparison  of  the  structural  elevation  data  for  the 


two  surfaces 
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CHAPTER  ONE  -  INTRO  DU  CTION 

General  Statement 

The  development  of  the  Medicine  Hat,  Hatton  and  Horsham 
gas  fields  of  southeastern  Alberta  and  southwestern  Saskatchewan 
began  in  1904  with  the  discovery  of  natural  gas  by  the  Canadian 
Pacific  Railway  Company  in  an  Upper  Cretaceous  sandstone  near 
the  town  of  Medicine  Hat0  Extensive  drilling  and  extension  of  produc 
tion  has  been  accomplished  in  the  last  65  years.  The  area  occupied 
by  these  fields  is  shown  on  Figures  1  and  2.  Since  1904  some  472 
wells  capable  of  producing  gas  have  been  completed  in  the  Medicine 
Hat  Gas  pool  alone,  and  374  of  these  wells  have  given  a  total  cumu¬ 
lative  production  of  567,  003,  858,  000  standard  cubic  feet  of  gas  to 
the  end  of  October,  1  9 6 8 0  In  Saskatchewan  (Hatton-Hor sham  fields) 
a  total  of  213  wells  have  been  completed  and  40,  021,  846,000  standard 
cubic  feet  of  ga  s  have  been  produced  by  the  end  of  June,  1968.  A 
detailed  study  of  the  reservoir  rock,  the  Medicine  Hat  Sandstone 
was  undertaken  for  the  following  reasons: 

1.  No  detailed  work  on  the  geologic  aspects  of  the  fields 
and  reservoir  sandstone  has  so  far  been  published, 
and  only  a  few  general  compilation  works  on  the 
fields  are  available  in  the  published  literature. 

2.  Data  in  the  form  of  different  kinds  of  mechanical 
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logs  at  a  spacing  of  640  to  128  0  acres  provide  reliabLe 
control  for  carrying  out  a  detailed  study  of  the  reser¬ 
voir  sandstone, 

30  3900  feet  of  core  is  available  at  the  Oil  and  Gas 

Conservation  Board  in  Calgary  from  the' Medicine 
Hat  Gas  pool,  and  a  few  hundred  feet  of  core  from 
the  Hatton  and  Horsham  pools  is  stored  by  the  Depart¬ 
ment  of  Mineral  Resources  in  Regina. 

4.  The  extensive  area  underlain  by  the  Medicine  Hat 

Sandstone  and  its  large  production  and  estimated 
reserves  make  it  an  important  as  well  as  logical 
unit  for  detailed  examination  from  the  standpoint 
of  geology. 

Within  the  above  mentioned  broad  perspective,  the  aims  of 
the  study  were  defined  as  follows: 

i.  To  determine  the  geometry  of  the  reservoir  sand¬ 
stone  and  the  genetic  relationship  it  has  with  the 
enclosing  Colorado  Shale. 

ii.  To  establish  the  environment  of  deposition  of  the 
sandstone  and  its  provenance, 

iii.  To  compare  qualitatively  the  electric  and  radiation 
logs  used  in  the  study  to  determine  their  general 
relationship  and  relative  usefulness. 
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Scope  of  the  Wo rk 


In  the  subsurface  the  geometry  of  a  lithologic  unit  is  usually 
reconstructed  on  the  basis  of  various  kinds  of  electric  and  radiation 
logs,  which  was  the  approach  taken  in  this  study. 

Core  from  35  wells  from  the  Medicine  Hat  field  was  studied 
with  the  help  of  the  binocular  microscope,  and  samples  were  taken 
at  5  foot  intervals  in  the  sandy  zone.  A  petrographic  study  of  twenty 
thin  sections  was  made  and  X-ray  determination  of  clay  minerals 
was  done  on  four  samples.  The  heavy  mineral  contents  of  five 
samples  were  studied. 

A  total  of  317  electrical  logs  and  488  radiation  (Gamma  Ray) 
logs  were  separately  utilized  for  the  stratigraphic  analysis  of  the 
Medicine  Hat,  Hatton  and  Horsham  fields.  The  data  from  these  two 
different  kinds  of  mechanical  logs  was  evaluated  and  compared  by 
statistical  methods  utilizing  the  IBM  360/67  computer. 

P re vious  Work 

Although  the  Medicine  Hat  gas  field  is  one  of  the  oldest  and 
one  of  the  biggest  gas  fields  in  Canada,  very  little  has  been  published 
in  detail  on  the  geological  aspects  of  the  reservoir  sandstone. 

Dowling  (1916)  treated  the  reservoir  sandstone  as  a  part  of 
the  overlying  Milk  River  Sandstone,  ascribed  a  thickness  of  up  to 
20  feet  to  it  and  considered  it  a  shallow  water  deposit. 
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Dowling,  Slipper  and  Me  Learn  (1919)  in  the  course  of  invest¬ 
igations  of  gas  and  oil  fields  in  Alberta,  Saskatchewan  and  Manitoba 
pointed  out  the  thinning  of  the  gas-bearing  sand  beds  to  the  east 
and  their  not  being  definitely  recognizable  north  of  the  Bow  Island 
Anticline.  They  sketched  the  distribution  of  the  gas-bearing  sands 
on  the  basis  of  limited  information  available  at  that  time. 

Ross  (1926,  pc  487)  referred  to  this  horizon  as  the  Medicine 
Hat  Gas  Sand  and  seems  to  have  been  the  first  person  to  do  so  in 
published  literature.  He  described  it  as  .  .closely  grained  sand 
approximately  20  feet  in  thickness  in  the  Milk  River  Sandstone  at  a 
depth  of  approximately  1,  100  feet." 

Williams  and  Dyer  (1930)  also  regarded  the  gas-producing 
horizon  as  being  the  Milk  River  Sandstone  and  assigned  the  correct 
top  to  the  gas  sand  at  about  1,  195  feet  above  sea  level  in  the  vicinity 
of  Medicine  Hat. 

Spratt  (1931),  on  the  basis  of  drilling  results  available  at 
that  time,  considered  the  sand  as  occurring  in  the  upper  Colorado 
Shale  about  300  feet  stratigraphically  below  the  Milk  River  Forma¬ 
tion  with  which  it  was  previously  correlated.  He  was  therefore  the 
first  worker  to  recognize  the  correct  stratigraphic  position  of  the 
reservoir  Medicine  Hat  Sandstone  in  the  Upper  Cretaceous  strata 
of  southern  Alberta  and  Saskatchewan. 

Hume  (1933)  referred  to  the  reservoir  as  the  Medicine  Hat 
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Gas  Sand,  gave  it  an  elevation  of  1,000  feet  above  sea  level,  and 
pointed  to  the  structural  control  of  the  accumulation  of  gas.  He 
also  placed  the  sand  SO1  -  90'  below  the  top  of  the  Colorado  Shale,, 

Russell  and  Landes  (1940,  p.  25)  commented  that  .  „  the 
only  important  sandy  zone  in  this  part  of  southern  Alberta  is  the 
Medicine  Hat  Gas  Sand  occurring  about  a  hundred  feet  from  the  top 
of  the  Colorado  Formation  and  formerly  identified  as  the  Milk 
River  Sandstone.  " 

McCord  (1957)  described  the  sand  as  the  Medicine  Hat  Member 
of  the  Colorado  Shale,  occurring  at  an  average  depth  of  1,150  feet, 
noted  its  lenticular  shape  thinning  to  the  west,  north  and  east  and 
pointed  to  the  presence  of  a  porosity  barrier  on  the  updip  southwest 
margin  of  the  field.  He  considered  the  arenaceous  material  to  have 
been  concentrated  on  a  shoal  in  a  shallow  sea,  and  in  support  of  this 
idea  he  pointed  to  the  argillaceous,  poorly  sorted,  variable  character 
of  the  reservoir  sandstone. 

Williams  and  Burk  (1964)  described  the  Medicine  Hat  Sand¬ 
stone  as  very  fine  grained,  salt  and  pepper  sandstone  with  lenses 
having  considerable  areal  extent  throughout  southern  Alberta  and 
southwestern  Saskatchewan,  occurring  80  feet  to  100  feet  below  the 
top  of  the  Colorado  Group  and  having  a  thickness  of  up  to  45  feet 
with  individual  sandstone  bodies  being  discontinuous  and  completely 
enclosed  in  shale.  They  considered  the  Medicine  Hat  Sandstone  to 
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represent  an  increase  in  the  supply  of  coarse  elastics  from  the 
southwest. 

Martin  (1985)  described  this  sand  as  occurring  about  80  feet 
below  the  top  of  the  Colorado  Shale,  having  a  variable  thickness  from 
zero  to  45  feet  and  being  remarkably  uniform  at  about  30  feet  over 
most  of  the  field.  He  added  that  the  clean  sand  content,  though  rep¬ 
resenting  up  to  three-quarters  of  the  gross  section,  shales  out  to 
zero  on  the  edge  of  the  pooh  He  suggested  marine  deposition  from 
a  series  of  deltaic  distributaries  along  a  coast  line  of  low  relief. 

Hancock  and  Glass  (1968)  described  the  Medicine  Hat  Sand¬ 
stone  as  being  approximately  90  feet  below  the  top  of  the  Colorado, 
consisting  of  greyish  to  salt  and  pepper,  very  fine  grained  quartz 
sandstone  with  an  argillaceous  content,  having  a  maximum  thickness 
of  35  feet,  a  width  of  5  to  8  miles,  a  length  of  35  miles,  trending 
east  to  west,  and  disappearing  entirely  beyond  the  northwest  and 
northeast  sides  of  the  fields. 

Method  of  Investigation 

Ail  the  electric  and  radiation  logs  available  for  the  area 
shown  on  Figure  2  were  first  collected  from  different  sources  and 
studied  separately.  The  Milk  River  Sandstone,  Colorado  Shale 
(First  [upper/  White  Specks),  tops  and  top  and  bottom  of  the  Med¬ 
icine  Hat  Sandstone  were  identified  on  the  logs  and  the  respective 


- 


-  9  - 


depths  were  recorded.,  To  maintain  consistency  in  picking  the  forma 
tion  tops,  a  network  of  correlation  cross  sections  was  established 
for  each  kind  of  log  separately  at  an  approximate  spacing  of  18  miles 
running  south  to  north  and  west  to  east  in  the  area  under  study.  All 
the  adjoining  logs  were  then  correlated  into  these  loops  by  closely 
comparing  the  curve  characteristics  of  each  log  to  the  curve  charac¬ 
teristics  of  logs  in  the  correlation  sections,  thus  guaranteeing  the 
consistency  and  uniformity  of  the  data  from  the  iogs  of  the  whole 
field.  This  procedure,  though  a  little  time-consuming,  was  found 
to  be  very  effective  and  useful  for  this  purpose. 

The  tops  and  bottoms  of  the  units  picked  from  the  logs  pro¬ 
vided  the  basis  for  constructing  maps  and  cross-sections  for  the 
purpose  of  determining  the  shape,  size  and  extent  of  the  reservoir. 

In  addition,  the  net  thickness  of  sand  in  the  Medicine  Hat  Sandstone 
Member  was  determined  by  separately  totalling  the  thickness  of 
sections  exhibiting  negative  spontaneous  potential  values  (on  the 
electric  logs)  of  greater  than  five  and  ten  millivolts  respectively 
from  the  "Shale  line"  (Fig.  3).  Separate  isolith  maps  were  prepared 
for  each  of  these  values. 

In  the  majority  of  the  wells  only  one  of  the  two  kinds  of  logs 
used  in  the  study  was  available,  but  46  wells  were  found  to  have  both 
electric  and  radiation  (Gamma  Ray)  logs,  and  in  the  case  of  these 
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the  radiation  log  values  were  taken  to  be  reliable  and  were  used  for 
the  construction  of  maps  etc.0  Only  22  of  these  46  wells  were  logged 
for  the  complete  section  from  the  top  of  the  Milk  River  Sandstone  to 
the  bottom  of  the  Medicine  Hat  Sandstone,  and  these  were  used  for 
qualitative  comparison  of  electric  and  radiation  logs. 

Maps  using  data  obtained  exclusively  from  the  317  electric 
logs  showed  a  poor  and  scattered  control  and  were  considered  to  be 
less  useful  than  the  maps  based  on  the  data  from  the  radiation 
(Gamma  Ray)  logs.  Hence  some  of  these  two  sets  of  maps  were 
used  separately  for  interpretation  purposes.  A.  third  set  of  maps 
was  prepared  using  combined  data  from  both  electric  and  radiation 
(Gamma  Ray)  logs,  and  these  maps  were  used  for  interpretation  if 
a  good  correlation  between  the  two  sources  of  data  was  found  by 
applying  statistical  techniques  to  compare  the  data. 

A  detailed  microscopic  examination  of  the  core  from  35  wells 
in  the  Medicine  Hat  Gas  pool  area,  selected  on  the  basis  of  one  well 
from  each  township  block,  was  carried  out.  Chip  sampling  of  the 
sandy  zones  at  an  interval  of  5  ft.  was  done  in  the  cores  having 
sandy  zones,  and  samples  from  the  upper  and  lower  contacts,  if 
present  in  the  core,  were  also  taken.  These  samples  were  used 
for  detailed  petrographic,  X-ray  diffraction  and  heavy  mineral 
studies.  From  80  thin  sections,  twenty  were  selected  for  a  detailed 
petrographic  study.  A  staining  technique  (Hayes  and  Klugman,  1959) 
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was  applied  to  differentiate  between  potash-feldspar,  plagioclase 
and  quartz.  Grain  compositional  counts  of  more  than  200  points 
on  each  of  nine  samples  were  done  for  sandstone  classification. 

Heavy  minerals  from  five  samples,  extracted  by  using  tetra- 
bromoethane  (S.  G.  =  2.  94  @  20°C),  were  mounted  in  Aroclor  (n  = 
1.66)  and  identified. 

X-ray  diffraction  was  applied  to  four  samples  from  the  Med¬ 
icine  Hat  Gas  pool  area  to  determine  the  types  of  clays  present  in 
the  Medicine  Hat  Sandstone.  Locations  of  thin  sections,  heavy 
mineral  samples  and  clay  samples  are  given  in  Appendix  A. 

Use  of  Computer  in  Str  a  tig  rap  hie  Analysis 

A  systematic  sampling  of  the  data  from  4  comparable  sets  of 
maps,  including  isopach  and  structural  contour  maps  of  the  fields 
constructed  using  electric  and  radiation  logs  separately  and  a  map 
with  combined  data  from  both  sources  was  done  by  laying  a  grid 
with  sample  points  3  miles  apart.  In  all,  254  observations  from 
each  of  the  maps  were  made  and  punched  on  computer  cards.  The 
computer  was  utilized  to  compare  the  different  sets  of  observations 
and  give  the  coefficient  of  correlations  between  the  different  pairs 
of  observations.  In  this  way  these  9  maps  were  compared  in  pairs. 
The  isolith  values  of  reservoir  sandstone  for  5  millivolt  and  10 
millivolt  deflections  from  the  "Shale  line"  on  the  spontaneous  poten¬ 
tial  curve  of  the  electric  logs  were  also  compared,  and  isolith 
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values  were  in  turn  compared  with  the  structural  elevations  at  the 
top  of  the  Medicine  Hat  Sandstone  to  determine  whether  any  relation¬ 
ship  existed  between  the  structural  configuration  and  the  thickness 
of  the  sand  at  any  particular  location  in  the  area  of  study. 
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CHAPTER  TWO  -  STRUCTURE  AND  STRATIGRAPHY 

Structural  Setting 

General  Statement:  The  area  under  study  lies  on  the  eastern 
flank  of  the  Sweetgrass  Arch,  a  dominant  Tertiary  feature  with  a 
history  of  activation  dating  back  to  Jurassic  or  Mi s sis sippian  times. 
The  Sweetgrass  Arch  was  originally  considered  to  be  a  single  large 
anticlinal  uplift  with  a  width  of  40  to  70  miles  and  an  approximate 
length  of  200  miles  extending  from  the  Little  Belt  Mountains  in 
Montana  into  southern  Alberta  wdiere  it  supposedly  veered  to  the 
northeast  and  finally  lost  its  identity  north  of  the  city  of  Medicine 
Hat  (Michner,  1934).  Tovell  (1958)  showed  that  this  tectonic  feature 
is  not  a  single  unit  but  is  a  composite  of  three  major  components  of 
different  origins.  Two  of  the  components  (South  Arch  or  Teton 
Arch  and  the  Kevin- Sunbur  st  Dome)  lie  mainly  south  of  the  49th 
parallel.  The  third  feature,  structurally  more  complicated  than 
the  others,  lies  in  southern  Alberta  and  was  designated  as  the  Bow- 
Island  Arch  by  Tovell  (Fig.  4).  Other  local  structural  features  in 
the  vicinity  of  Medicine  Hat  have  been  described  by  Meyboom 
(I960). 

The  overall  structural  picture  in  the  southern  part  of  Alberta 
clearly  reveals  a  radiating  pattern  of  closely  connected  folds.  The 
prominent  direction  of  fold  axes  in  the  western  part  of  the  area  is 
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to  the  west  and  northwest,  and  in  the  eastern  part  to  the  east  and 
northeast  (Meyboom,  I960,  Fig.  4).  The  Bow  Island  Arch  and  the 
Medicine  Hat  Structure  are  briefly  described  below.  The  age  of 
the  structures  is  also  briefly  discussed. 

Bow  Island  Arch:  This  feature  (Fig.  5)  first  described  and 
named  by  Slipper  (1935)  is  located  in  Townships  10  and  11,  Ranges 
6,  7  and  8  West  of  the  Fourth  Meridian  (Meyboom,  i960).  Michner 
(1934)  while  discussing  the  extension  of  the  Sweetgrass  Arch  into 
Alberta  referred  to  this  structure  as  an  exception  to  the  generally 
northwest  trending  structure  of  the  Sweetgrass  Arch  and  had  des¬ 
cribed  it  as  a  low  dome  with  50  feet  of  closure  and  having  commercial 
quantities  of  gas. 

According  to  Tovell  (1958)  the  Bow  Island  Arch  resulted 
from  the  subsidence  of  the  Williston  Basin  in  the  east  and  the  Alberta 
syncline  in  the  west  as  a  result  of  crustal  cornpres sional  forces. 

This  explanation  has  been  objected  to  by  Meyboom  (i960)  who  favoured 
primary  vertical  movements  in  the  basement  complex  as  the  origin 
of  the  Arch.  Activation  in  the  plunging  trend  of  the  Bow  Island  Arch 
through  the  Paleozoic  and  Mesozoic  has  been  pointed  out  by  Tovell 
(1958).  The  structure  contour  map  constructed  by  him  on  top  of 
Exshaw  (Missi  ssippian)  Formation  shows  a  slight  southwest  plunge 
whereas  the  structural  contour  map  on  the  top  of  the  Milk  River 
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FIGURE  5-  Main  structural  features  in  Southern  Alberta  and 
Saskatchewan  ( after  Williams  and  Burk t  1964 )  ■ 
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Formation  indicates  a  northeast  plunge.  This  reversal  of  the  plunge 
has  been  attributed  to  the  relationship  between  the  total  amount  of 
uplift  of  the  dome  and  the  attitude  of  the  Exshaw  strata  prior  to  the 
formation  of  the  dome. 

Medicine  Hat  Structure:  Michner  (1934)  referred  to  this 
structure  as  southward  plunging  nose  cut  by  an  east  west  trough,  and 
making  up  part  of  the  northwest  plunging  Sweetgrass  Arch  (Fig.  5). 

A  composite  local  structure  consisting  of  a  steep,  asymmetrical 
anticline  trending  north  in  range  6  and  a  broader  east  trending  anti¬ 
cline  in  Townships  11  and  12  which  coalesce  in  Township  10,  Range 
6,  West  of  the  Fourth  Meridian  (Fig.  4)  has  been  described  by 
McCord  (1957)  as  a  saddle  between  the  southwest  plunging  North 
Battleford  high  in  Saskatche wan  and  the  northeast  plunging  Bow- 
Island  Arch  in  Alberta.  A  reference  to  this  structure  in  the  vicinity 
of  Medicine  Hat  was  made  by  Michner  (1934)  who  described  it  as  the 
probable  result  of  the  northeastern  extension  of  the  anticlinal  nature 
of  the  Sweetgrass  Arch. 

Age  of  Structure  s :  Though  the  exact  age  of  the  Sweetgrass 
Arch  is  difficult  to  establish,  Borden  (1956)  considered  it  to  have 
existed  since  late  Devonian  or  early  Mississippian  time.  He  con¬ 
sidered  it  to  be  related  to  the  older  (Precambrian  to  late  Devonian) 
southern  Alberta  Arch.  He  attributed  the  emergence  of  this  structural 
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feature  to  the  shifting  of  the  center  of  uplift  in  southern  Alberta  to 
the  Sweetgra s s  Arch  during  the  late  Devonian  to  early  Mississippian 
times, 

Michner  (1934)  and  Wells  (1957)  have  pointed  to  a  difference 
in  thickness  of  the  stratigraphic  section  from  the  base  of  the  Cambrian 
to  the  top  of  the  Virgelle  (Upper  Cretaceous,  lower  Milk  River)  on 
the  crest  and  flanks  of  the  Sweetgra ss  Arch  in  Montana  and  southern 
Alberta.  Thicker  sediments  are  encountered  on  the  flanks  of  the 
Arch  and  a  comparatively  thinner  sedimentary  section  is  observed 
on  the  crest  of  the  Arch  for  this  geological  interval.  The  difference 
in  the  thickness  of  the  sedimentary  column  is  generally  in  the  order 
of  500  feet.  They  have  shown  that  the  formations  from  at  least 
Mississippian  time  to  the  end  of  the  Colorado  time  show  a  distinct 
thinning  over  the  crest  of  the  Arch,  Wells  (1957),  from  a  study  of 
isopac.h  maps  for  various  geological  intervals  in  southern  Alberta, 
showed  that  there  was  a  slight  activation  of  the  Sweetgrass  Arch  in 
its  present  form  during  Jurassic  and  Colorado  (Upper  Cretaceous) 
time.  Though  the  partial  erosion  of  strata  younger  than  Colorado 
(Milk  River,  Belly  River,  Bearpaw  and  St.  Mary  River  Formations) 
over  the  Sweetgrass  Arch  make  conclusions  derived  from  isopach 
studies  of  these  units  comparatively  unreliable,  it  appears  that 
there  was  no  appreciable  activity  along  the  Sweetgrass  Arch  during 
the  later  part  of  the  Upper  Cretaceous  time.  The  structure  contour 
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maps  constructed  for  southern  ALberta  on  the  Exshaw  (Mississippian) 
and  the  Milk  River  (Upper  Cretaceous)  Formations  by  Tovell  (1958) 
also  suggest  that  the  Sweetgrass  Arch  has  been  a  positive  feature 
since  Devonian  to  early  Mississippian  time0 

From  the  foregoing  discussion  it  appears  that  the  Bow  Island 
Arch,  a  component  of  the  Sweetgrass  Arch,  was  active  during,  the 
deposition  of  the  Medicine  Hat  Sandstone  during  late  Colorado  time. 
The  deposition  of  the  Medicine  Hat  Sandstone  therefore  may  have 
been  partially  or  fully  controlled  by  the  structural  setting  in  the 
area  under  study.  The  saddle-like  structure  called  the  Medicine 
Hat  structure  by  Meyboom  (I960)  has  been  shown  to  be  a  controlling 
factor  in  the  present  configuration  of  reservoir  sandstone  (McCord 
1957),  The  trap  is  stratigraphic  in  nature  because  it  is  formed  by 
the  sandstone  shaling  out  in  all  directions,  and  the  geometric  shape 
of  the  reservoir  samdstone  body  is  the  result  of  deposition  in  the 
tectonic  framework  existing  at  that  time. 


Stratigraphy 

General  Statement:  The  Medicine  Hat  Sandstone,  an  exten¬ 
sive  isolated  sand  body  in  southeastern  Alberta  and  southwestern 
Saskatchewan,  occurs  approximately  8  0  to  110  feet  below  the  top  of 
the  marine  Colorado  Shale  (Fig.  3),  The  sandstone  is  30  to  45  feet 
thick  with  thin  lenses  of  shale  of  varying  thickness  intercalated 


within  it.  Contacts  of  the  sandstone  with  the  Colorado  Shale  are 
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gradational,  and  gradations  from  shale  to  sand  and  vice  versa  are 
distinctive  features  in  the  studied  cored  sections  of  this  sequence. 

The  Medicine  Hat  Sandstone  thins  and  shales  out  in  all  directions 
from  the  Medicine  Hat  area. 

The  Medicine  Hat  Sandstone  was  deposited  on  the  northeastern 
flank  of  the  Sweetgrass  Arch.  According  to  McCord  (1957)  the 
elastics  composing  the  sandstone  were  probably  derived  from  an 
emergent  area  on  the  axis  of  the  Arch. 

The  upper  160  to  190  feet  of  the  Colorado  Shale  in  which  the 
Medicine  Hat  Sandstone  occurs  are  generally  composed  of  white 
speckled  shale  which  has  been  correlated  with  the  Niobrara  chalk 
of  the  Black  Hills  region  of  the  central  United  States.  Upper  Cret¬ 
aceous  strata  above  the  Colorado  Shale  are  mainly  of  continental 

I 

to  brackish  water  origin. 

D e scrip tion  of  Stratigraphic  Units  : 

Milk  River  Formation:  Dowling  (1916)  named  the  Milk 
River  Formation  and  described  the  strata  along  the  Milk  River  as 
slightly  consolidated,  shallow  water  sandstones.  These  beds  under¬ 
lie  the  Pakowki  Shale  and  conformably  overlie  the  Colorado  Group. 
They  consist  of  up  to  300  feet  of  very  fine  to  medium  grained,  grey, 
salt  and  pepper  sandstone,  siltstone  and  sandy  to  silty  dark  grey 
shale,  including  the  transition  beds  at  the  base.  Thi-c.knesses  of 
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up  to  420  feet  in  the  eastern  part  of  the  area  under  study  are  detect- 
able  from  the  electric  and  radiation  logs.  In  outcrop  the  top  of  the 
formation  is  marked  by  a  zone  of  black  chert  pebbles  which  lie  at 
the  base  of  the  overlying  Pakowki  Shale.  East  and  north  of  the  out¬ 
crop  area  in  southern  Alberta,  sandstones  in  the  Milk  River  Forma¬ 
tion  rise  strati  graphically  towards  the  shale-out  in  the  subsurface 
(Williams  and  Burk,  1964).  Where  the  Milk  River  Formation  shales 
out  to  the  north  and  east,  beds  equivalent  to  it  and  to  the  overlying 
Pakowki  Formation  are  known  as  the  Lea  Park  Formation. 

Meyboom  (I960)  equated  the  sandstones  of  the.  Mi  Ik  River  For¬ 
mation  in  southern  Alberta  to  the  basal  sandstone  member  of  the 
Eagle  Formation  (Virgelle  Sandstone  Member)  in  Montana,  although 
it  is  lithologically  different. 

The  Milk  River  Sandstone  has  good  aquifer  qualities  (Meyboom, 
I960)  and  in  places  contains  small  accumulations  of  natural  gas 
(Hancock  and  Glass,  1968).  The  Milk  River  Formation  represents 
the  first  regressive  deposits  formed  following  the  deposition  of  the 
Colorado  shales.  Deposition  of  coarse  elastics  was  probably  the 
result  of  an  upwarp  southwest  of  the  region,  with  different  lithologies 
representing  different  environments  of  deposition,  namely,  beach 
sands,  lagoonal  carbonaceous  shales  and  local  stream  and  deltaic 
deposits  (Slipper  and  Hunter,  1931). 
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TABLE  I  MEDICINE  HAT  SANDSTONE  AND  ITS  EQUIVALENT  IN  S. 
ALBERTA  AND  S.  SASKATCHEWAN  (AFTER  WILLIAMS  &  BURK  1964) 
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Upper  Colorado  Group :  Hayden  (18  76)  gave  the  name 
Colorado  Group  to  the  exposures  at  the  base  of  the  Rocky  Mountain 
Ranges  in  Colorado  (Alberta  Society  of  Petroleum  Geologists,  I96  0), 

In  southern  Alberta  and  Saskatchewan  the  strata' between  the  base 
of  the  Fish  Scales  Marker  and  the  top  of  the  F’irst  (Upper)  White 
Speckled  Shale  Zone  is  generally  designated  as  the  Upper  Colorado 
Group  of  Cenomanian  to  Santonian  age.  It  consists  of  a  relatively 
uniform,  thick  section  of  dark  to  medium  grey  marine  shale  with 
minor  sandstone,  shaly  limestone  and  bentonite  horizons.  The  ben¬ 
tonite  zones  which  are  2  to  4  inches  thick  are  more  frequent  in  the 
cored  intervals  of  the  shale  in  the  northern  part  of  the  Medicine  Hat 
Gas  pooh  The  upper  part  of  the  shale  contains  small  white  specks 
composed  of  almost  pure  calcium  carbonate,  having  a  grain  size 
of  0.  01  mm.  and  occurring  as  small  lenticles  of  chalk  which  have  been 
gathered  by  compaction  of  the  enclosing  dark  shale  (Goodman,  1951). 

The  first  (uppermost)  appearance  of  these  white  specks 
marks  the  base  of  the  overlying  Milk  River  Formation  and  the  top 
of  the  Colorado  Shale.  This  zone  is  a  very  good  marker  horizon 
throughout  western  Canada,  having  wide  use  in  the  oil  industry. 

The  speckled  shale  unit  normally  has  sharp  contacts  with  both 
overlying  and  underlying  strata  (Robinson,  1968)  but  occasionally 
may  grade  upward  into  the  Milk  River  Formation.  In  some  cases 
this  contact  is  not  sharply  defined  in  well  logs. 
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Medicine  Hat  Sandstone  Member:  McCord  (1957) 
designated  the  reservoir  sandstone  in  the  Medicine  Hat  area  as  the. 
Medicine  Hat  Member  of  the  Upper  Colorado  Formation  which, 
according  to  him,  lies  between  the  First  and  Second  White  Speckled 
Shale  Zone. 

The  Medicine  Hat  Sandstone  has  an  average  thickness  of  30 
to  40  feet  with  isolated  areas  of  up  to  50  feet  in  thickness  and  in 
common  with  other  sands  of  the  Colorado  Group  is  thin  bedded, 
shaly,  marine,  and  composed  of  quartz  and  chert  (Alberta  Society 
of  Petroleum  Geologists,  I960).  The  sandstone  is  very  fine  to 
fine  grained  with  angular  to  sub- rounded  grains.  The  colour  is 
variable  from  place  to  place  being  generally  dependent  on  the  shaly, 
silty  and  carbonaceous  (coaly)  material  in  it. 

The  Medicine  Hat  Sandstone  has  gradational  contacts  with  the 
enclosing  Colorado  Shale,  and  streaks  of  shale  of  variable  thickness 
in  sand  zones  and  sand  lenses  of  variable  thickness  in  shale  sec¬ 
tions  are  common.  Gradations  from  very  fine  sand  to  fine  sand 
with  shale  interlayers  are  also  common. 

Bedding  is  generally  even  and  horizontal,  though  in  a  few 
instances  cross-bedding  was  also  seen.  Small  cut-and-fiil  type  of 
structures  were  also  observed  to  be  comparatively  common  in  the 
sandstone. 

The  sandstone  is  notable  for  its  uniformity  in  composition, 
texture  and  structure  over  a  wide  area. 
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CHAPTER  THREE  -  STRATIGRAPHIC  ANALYSIS 


General  Statement  and  Limitations 

In  this  study  the  basic  stratigraphic  data  was  obtained  from 
the  following  sources: 

io  Different  kinds  of  mechanical  logs  run  in.  the  wells, 

mainly  electric  and  radiation  logs* 
ii.  Cores  from  35  wells  in  the  area  of  study „ 

Electric  and  radiation  logs  provided  data  on  the  structure, 
thickness,  and  areal  distribution  of  the  rock  units  in  the  area  of  study „ 
Isopach,  structure,  and  isolithmaps  and  stratigraphic  and  structural 
cross  sections,  constructed  on  the  basis  of  the  data  obtained  from 
these  logs  provided  the  information  about  various  stratigraphic 
units  under  study,, 

Data  obtained  from  these  logs  is  subject  to  several  limitations* 
The  shape  and  magnitude  of  deflection  of  the  log  curves  are  basically 
a  record  of  the  variation  or  contrast  of  electric  or  radiation  response 
of  the  strata  logged*  However,  additional  factors  such  a  s  variable 
sizes  of  boreholes  (caving,  etc.  )  and  different  types  of  drilling  muds 
influence  the  response  of  the  logging  device,  and  the  resultant  shape 
of  the  curve  is  a  reflection  of  the  lithological  variation  as  well  as  the 
influence  of  these  factors*  Therefore  variation  in  these  factors  from 
well  to  well  may  produce  curves  for  a  similar  stratigraphic  section 
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which  may  be  different  quantitatively  but  comparable  qualitatively. 

Furthermore,  the  logs  used  in  this  analysis  were  produced 
by  various  logging  companies  with  their  patent  logging  techniques 
and  in  some  instances  using  different  scales  for  recording  the  para¬ 
meters  being  logged.  This  factor  alone  often  makes  the  quantita¬ 
tive  interpretation  of  the  logs  unreliable. 

In  addition  to  these  two  main  limitations  the  personal  error  in 
the  process  of  lithological  interpretation  of  both  types  of  logs  by  a 
worker  may  be  considered  another  significant  limiting  factor. 

Marker  horizons  for  the  various  subsurface  stratigraphic 
units  have  been  qualitatively  determined  by  the  curve  characteristics 
of  the  logs.  No  attempt  was  made  to  examine  the  influence  of  var¬ 
ious  disturbing  factors  on  the  quantitative  interpretation  of  the  log 
curves  for  the  purpose  of  this  study. 

The  stratigraphic  section  involved  in  this  study  consists  of 
sandstones  and  shales  which  have  variable  thicknesses.  Generally 
the  sandy  zones  are  comparatively  thin  and  are  intercalated  with 
shaly  material.  Contacts  are  gradational;  the  lower  contact  of  the 
Medicine  Hat  Sandstone  Member  was  found  to  be  particularly  diffi¬ 
cult  to  determine  on  both  types  of  logs. 

A  major  limitation  which  was  experienced  in  constructing 
the  maps  and  cross  sections  was  the  absence  of  deep  wells  in  the 
area.  More  than  ninety  percent  of  the  wells  studied  penetrated  only 
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the  section  down  to  the  reservoir  sandstone  and  therefore  nothing 
can  be  said  about  the  underlying  strata. 

Due  to  the  difficulty  of  identifying  the  base  of  the  Medicine 
Hat  Sandstone  Member,  the  structural  configuration  of  the  surface 
on  which  the  reservoir  sandstone  was  deposited  cannot  be  determined. 
This  study  is  therefore  limited  to  the  reservoir  sandstone,  the  part 
of  the  Colorado  Shale  overlying  the  sandstone  and  the  Milk  River 
Formation. 

Marker  Hori zons 

Milk  River  Formation: 

Electric  Logs:  The  top  of  the  Milk  River  Formation 
was  found  to  be  an  extensive  and  easily  identified  marker  horizon  on 
electric  logs.  The  distinctive  decrease  in  spontaneous  potential 
(deflection  to  the  left)  with  a  corresponding  increase  in  the  resistiv¬ 
ity  (deflection  to  the  right)  together  were  considered  to  mark  the 
top  of  the  Milk  River  Formation  (bottom  of  the  overlying  Pakowki 
Formation)  throughout  the  area. 

Electric  and  radiation  logs,  indicating  the  typical  "picks" 
for  all  the  marker  horizons  discussed  above  are  shown  in  Appendix 
B. 

Radiation  Logs:  On  radiation  logs  it  was  observed 
that  the  top  of  the  Milk  River  Formation  was  difficult  to  pick  in  some 
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cases.  In  the  majority  of  cases ,  a  gradual  increase  in  the  gamma  ■ 
radiation  (deflection  of  the  curve  to  the  right)  and  a  corresponding 
decrease  in  the  response  on  the  neutron  curve  (deflection  towards 
right)  was  taken  to  mark  the  change  in  the  lithology  from  the  Pakowki 
Formation  to  the  silty,  shaly  sandstone  of  the  Milk  River  Formation. 

Colorado  Group  (First  [upper]  V/hite  Specks): 

Electric  Logs :  The  top  of  the  Colorado  Group  which 
is  designated  by  the  first  appearance  of  white  specks  below  the  Milk 
River  Formation,  is  a  very  extensive  and  very  good  marker  horizon 
on  electric  logs,  and  is  easily  traceable  throughout  the  entire  Western 
Canada  Sedimentary  Basin. 

The  characteristic  "pick"  for  the  top  of  the  Colorado  Group 
(bottom  of  overlying  Milk  River  Formation)  represents  the  litho¬ 
logical  change  from  the  impure  shale  and  silty  sandstone  above  to 
calcareous  speckled  shale  below,  and  ideally  should  make  a  good 
marker  horizon  on  electric  logs.  Due  to  the  silty  nature  of  the 
transitional  zone  the  "pick"  for  the  top  of  the  Colorado  Group  is 
found  to  be  unclear  in  some  logs.  Generally  the  spontaneous  poten¬ 
tial  curve  of  the  electric  log  shows  a  comparatively  sharp  deflection 
towards  the  right  and  the  inflection  point  on  this  curve  was  taken  as 
the  top  of  the  Colorado  Group  in  this  study. 

The  response  on  the  resistivity  curve  is  indistinct  in  the 
corresponding  zone  and  therefore  it  can  seldom  be  used  for  marking 
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the  top  of  the  Colorado  Group  in  this  area,  though  to  the  north  (Burk, 
1962;  Khamesra,  1963)  the  resistivity  curve  has  been  reported  to 
have  a  good  "pick"  for  the  top  of  the  Colorado  Group. 

Radiation  Logs:  The  top  of  the  Colorado  Group  (First 
[upp  er]  White  Specks)  on  the  gamma  ray  curve,  a  sharp  increase  in 
the  intensity  of  radiation,  is  a  very  distinct  and  characteristic  marker 
which  can  easily  be  traced  throughout  the  area.  A  corresponding 
decrease  on  the  neutron  curve  is  usually  present  but  is  not  consist¬ 
ent.  , 

Top  of  the  Medicine  Hat  Sands  to  ne  Member  : 

Electric  Eogs:  The  Medicine  Hat  Sandstone  contacts 
with  the  overlying  and  underlying  marine  Colorado  Shale  are  usually 
distinguished  easily  on  the  spontaneous  potential  and  resistivity 
curves  of  electric  logs.  The  top  of  the  Medicine  Hat  Sandstone 
occurs  generally  8  0  to  110  feet  below  the  top  of  the  Colorado  Group 
and  is  marked  by  a  sharp  leftward  deflection  on  the  spontaneous 
potential  curve.  This  deflection  may  vary  in  its  intensity  from  area 
to  area  or  from  well  to  well,  reflecting  variations  in  the  shaliness 
of  the  sandstone  and/or  the  contrast  in  resistivity  between  the  for¬ 
mation  fluid  and  the  fluid  in  the  well  when  it  was  being  logged. 

On  the  resistivity  curve  the  top  of  the  Medicine  Hat  Sandstone 
is  marked  by  a  sharp  deflection  to  the  right,  indicating  the  higher 


. 
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resistivity  of  the  sandstone  as  compared  to  the  overlying  Colorado 
sha  le„ 


Radiation  Logs:  A  sharp  decrease  in  the  gamma 
radiation,  and  an  increase  in  the  neutron  response  were  chosen  as 
the  criteria  for  marking  the  tog)  of  the  Medicine  Hat  Sandstone. 

These  deflections,  though  varying  in  their  intensities,  were  found 
to  be  quite  extensive,  persistent  and  traceable  throughout  the  area. 
No  attempt  was  made  to  separate  shaly  streaks  from  the  sandstone 
units  on  the  basis  of  the  curve  characteristics  on  the  logs  because 
of  the  thinness  of  the  sandstone  unit.  The  total  interval  between 
the  top  and  bottom  of  the  sandstone  marked  on  these  logs  was  there¬ 
fore  considered  to  be  the  total  thickness  of  the  sandstone. 

Base  of  the  Medicine  Hat  Sandstone  Member: 

Electric  Logs:  The  bottom  of  the  Medicine  Hat  Sand¬ 
stone  was  relatively  difficult  to  pick  on  the  electric  logs  because: 

(a)  Most  wells  did  not  penetrate  sufficient  shale  below 
the  sandstone  to  be  indicated  on  the  logs. 

(b)  The  lower  contact  of  the  Medicine  Hat  Sandstone  is 
gradational  over  an  interval  of  at  least  10  to  15  feet.. 

The  spontaneous  potential  curve  was  therefore  found  to  be  of 
little  use  for  determining  the  base  of  the  Medicine  Hat  Sandstone. 

The  resistivity  curve  however,  was  more  consistent  in  the  contact 
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zone  and  could  generally  be  used  to  determine  the  base  of  the  sand¬ 
stone, 


Radiation  Logs:  Radiation  logs  also  indicated  the 
abrupt  ending  of  drilling  and  logging  in  the  transition  zone  between 
the  sandstone  and  shale.  The  gamma  ray  and  neutron  curves  appear 
to  record  the  change  in  lithology  from  sandstone  to  shale  better 
than  do  the  electric  log  curves.  The  gradation  from  sand  to  shale 

,  i 

is  marked  by  an  increase  in  the  gamma  radiation  intensity  with  a 
corresponding  decrease  on  the  neutron  curve. 

Hthofaci es  of  the  Medicine  Hat  Sandstone  Member 

In  addition  to  the  above  mentioned  data.,  two  values  for 
the  net  thickness  of  sandstone  in  the  Medicine  Hat  Member  were 
calculated  from  the  spontaneous  potential  curve  of  the  electrical 

log. 

An  arbitrary  baseline  on  the  spontaneous  potential  curve  was 
drawn  as  a  straight  line  passing  through  all  the  points  of  maximum 
positive  excursion  of  the  curve.  Thicknesses  of  section  exhibiting 
deflections  of  5  millivolts  and  10  millivolts  to  the  left  from  the  base- 

i 

line  were  arbitrarily  considered  to  represent  sands  and  each  value 
was  recorded  separately.  Two  total  thicknesses  of  sand  were  thus 


■ 


33 


obtained  by  adding  thicknesses  having  5  millivolt  deflection  or  higher 
and  those  having  10  millivolt  or  higher  deflection.,  The  values  thus 
obtained  were  different  from  the  isopach  values  obtained  either  from 
the  two  types  of  logs  or  from  the  core  study.  All  the  electric  logs 
did  not  show  deflections  greater  than  5  millivolt,  and  of  317  electric 
logs,  only  202  logs  had  indication  of  sandstone  as  defined  above.  It 
should  be  mentioned  here  that  due  to  the  limitations  of  the  electrical 
logging  techniques,  and  the  influence  of  the  various  disturbing 
factors  discussed  earlier,  values  calculated  on  an  arbitrary  basis 
such  as  this  may  not  be  a  true  representation  of  the  actual  sandstone 
thickness  in  these  wells. 

Analytical  Procedure : 

i 

Data  Presentation:  Data  obtained  from  the  electric  and  rad¬ 
iation  logs  independently  include  the  following: 


l. 


Isopach  values  for  the  interval  between  the  top  of  the 


Milk  River  formation  and  the  top  of  the  Colorado 


lie 


Isopach  values  for  the  interval  between  the  top  of  the 


Colorado  Group 


White  Specks)  and  the 


top  of  the  Medicine' Hat  Sandstone  Member. 


m. 


Isopach  values  for  the  Medicine  Hat  Sandstone  Member. 


IV. 


Elevations  of  the  top  of  the  Medicine  Hat  Sandstone 


Member  with  respect  to  sea  level. 
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Vo 

Elevations  of  the  top  of  the  Colorado  Group  (First 

(Upper]  White  Specks)  with  respect  to  sea  level. 

vi . 

Net  sandstone  thickness  in  the  Medicine  Hat  Sandstone 

Member  using  5  millivolt  cutoff  on  spontaneous  poten¬ 
tial  curve  (electric  logs  only). 

viio 

Net  sandstone  thickness  in  the  Medicine  Hat  Sandstone 

Member  using  10  millivolt  cutoff  on  spontaneous  poten 

tial  curve  (electric  logs  only). 

The  following  maps  were  constructed,,  Computer  outputs  in 
Appendix  D  also  carry  these  designations. 


Map  1 

Isopach  Map  -  Top  Colorado  Group  (First  [Upper] 

White  Specks)  to  top  Medicine  Hat 

Sandstone  Member  -  electric  log 

data 

Map  2 

Isopach  Map  -  Top  Colorado  Group  (First  [Upper] 

White  Specks)  to  lop  Medicine  Hat 

Sandstone  Member  -•  radiation  log 

data 

Map  3 

Isopach  Map  -  Medicine  Hat  Sandstone  Member  - 

electric  log  data 

Map  4 

Isopach  Map  -  Medicine  Hat  Sandstone  Member  - 

radiation  log  data 

Map  5 

Structure  Contour  Map  -  Top  of  the  Medicine  Hat 

Sandstone  Member  -  electric  log  data 
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Map  6 

Structure  Contour  Map  -  Top  of  the  Medicine  Hat 

Sandstone  Member  -  radiation  log 

data. 

Map  7 

Structure  Contour  Map  -  Top  of  the  Colora.do 

Group  -  electric  log  data 

Map  8 

Structure  Contour  Map  -  Top  of  the  Colorado 

Group  “  radiation  log  data 

Map  9 

Structure  Contour  Map  -  Top  of  the  Medicine  Hat 

Sandstone  Member  -  electric  log 

plus  radiation  log  da,ta 

Map  1  0 

Structure  Contour  Map  -  Top  of  the  Colorado 

Group  -  electric  log  plus  radia¬ 
tion  log  data 

Map  1 1 

Isolith  Map  -  Medicine  Hat  Sandstone  Member 

(10  millivolt  SoP.  deflection)  - 

electric  log  data 

Map  12 

Isolith  Map  -  Medicine  Hat  Sandstone  Member 

(5  millivolt  S.  P.  deflection)  - 

electric  log  data 

Maps  1,  2,  3,  4,  9,  10,  and  12  are  illustrated  as  figures  6 
to  12  respectively. 

Six  cross  sections  were  constructed  along  and  across  the 
long  axis  of  the  sandstone  body,  using  the  top  of  the  Colorado  Group 
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as  a  stratigraphic  datum  and  the  +1,000  foot  elevation  plane  as  a 
structural  datum.  As  the  cross  sections  did  not  reveal  anything  of 
significance  not  shown  by  the  maps,  they  are  not  illustrated  and  will 
not  be  discussed  further. 

Analysis  of  Data:  Both  electric  and  radiation  logs  were 
avilable  for  only  46  wells  in  the  area  and  of  these  wells  only  in  22 
were  all  marker  horizons  for  the  units  under  study  present.  The 
comparative  values  for  different  isopachs  and  structural  elevations 
from  both  logs  in  the  22  wells  were  obtained  and  a  comparative  chart 
(Table  II)  was  prepared  on  the  basis  of  these  values.  A  comparison 
of  isopach  and  structural  elevations  for  the  units  involved  suggests 
that  structural  elevation  values  can  be  better  compared  than  the 
isopach  values.  Though  these  22  wells  are  scattered  all  over  the 
area  and  the  results  obtained  from  the  comparison  have  a  representa¬ 
tive  nature  and  can  be  broadly  applied  to  determine  the  degree  of 
relationship  existing  between  the  data  from  these  two  sources  in  this 
area,  it  was  felt  that  a  rigorous  statistical  comparison  of  the  data 
would  provide  more  meaningful  results. 

According  to  Krumbein  and  Graybill  (1965,  page  7)  five  classes 
of  statistical  questions  commonly  arise  in  geological  studies: 

1.  Estimation  of  the  mean  values  of  measurable  properties 


of  the  population. 
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Figure  6 

MEDICINE  HAT- HATTON -HORSHAM  FIELDS 
(Alberta  8  Saskotchwan) 
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Figure  0 

MEDICINE  HAT-HATTON-HORSHAM  FIELDS 
(Alberta  8  Saskatchwan) 
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Figure  y 

MEDICINE  HAT-HATTON-HORSHAM  FIELDS 
(Alberta  8  Saskatchwan ) 
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2*  Estimates  of  the  variability  of  measurable  properties 
of  the  population. 

3„  Detection  of  geologically  important  differences  between 
measurable  properties  of  geological  populations. 

4.  Estimation  of  degree  of  association  (statistical  correla¬ 
tion)  and  predictability  among  measurable  properties 

of  the  population. 

5.  Detection  and  evaluation  of  systematic  patterns  of  areal 
variation  (trends)  in  the  mappable  attributes  of  the 
population. 

A  simple  linear  model  represented  by  an  equation  of  the  form 

Y  =  a  +  bX  +  e  provides  a  very  flexible  device  for  the  study  of  relation¬ 
ship  among  geological  variables.  In  this  equation  X  and  Y  are  two 
random  variables,  a  is  the  intercept  on  the  Y  axis,  b  is  a  constant 
representing  the  slope  of  the  line  of  the  equation,  and  e  is  a  random 
error  term.  A  computer  program  based  on  the  simplified  form 

Y  =  a  -t  bX  and  capable  of  producing  answers  to  the  first  four  of 
the  five  classes  of  statistical  questions  arising  in  geological  studies 
noted  above  was  obtained  from  the  program  library  of  the  Computing 
Science  Department. 

The  program  calculates  the  correlation  coefficient  R  (sec 
Appendix  E  for  the  formulae  for  the  calculation  of  Mean,  Standard 
deviation,  and  correlation  coefficient)  which  indicates  how  good  the 


9 

quantity  X  is  as  a  predictor  of  Y,  as  well  as  the  value  100R  (the 
percentage  of  variance  of  the  population  of  variable  Y  which  is 
accounted  for  by  using  a  related  variable  X)  and  "T"  values  for  the 
samples  processed  so  that  the  significance  of  the  relationship  between 
the  variables  can  be  tested.  The  program  is  also  capable  of  plotting 
any  one  variable  against  any  other. 

In  order  to  determine  the  relationship  between  electrical  and 
radiation  log  data,  linear  regression  analyses  were  performed  on 
each  of  the  two  isopach  values  and  structural  elevations  indicated 
as  Sets  A  to  D  on  Table  II „  Values  from  electric  and  radiation  logs 
were  designated  Y  and  X  respectively,  and  consequently  the  expected 
values  of  a  and  b  were  zero  and  one.  Significant  deviation  from 
these  values  was  considered  to  be  a  function  of  the  error  term  of 
the  model.  The  results  of  these  analyses  are  given  in  Tables  III, 

IV,  and  V, 

The  values  of  a,  b,  R  and  100R  "  for  sets  A  and  B  from  the 

Table  III  show  a  significant  deviation  from  their  expected  values, 

2 

The  IGOR  value  shows  that  only  59%  and  7%  of  the  variation  in 
the  population  of  variable  Y  is  accounted  for  by  the  changes  in  var¬ 
iable  X  for  the  two  sets  respectively  and  in  both  cases  the  variable 
X  is  not  a  good  predictor  of  Y.  These  low  correlation  coefficients 
between  the  two.  variable s  (,  77  and  .  27)  do  not  justify  the  combina- 
tion  of  the  data  represented  by  these  variables,  ie„,  the  isopach 


. 
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values  from  the  two  sources  cannot  be  combined  statistically. 

Contrary  to  this,  the  values  of  a,  b,  R,  and  100R  for  sets 
C  and  D  are  very  close  to  their  expected  values.  The  deviation  of 
a  from  the  expected  value  of  zero  in  these  sets  is  insignificant  in 
comparison  to  the  mean  values  involved.  The  correlation  coeffic¬ 
ients  of  1  and  0o  99  for  sets  C  and  D  respectively  is  ideal  for  the 

combination  of  the  data  from  the  two  sources  for  a  collective  study. 

2 

The  100R  values  also  show  that  the  total  variation  in  the  population 
of  variable  Y  is  due  to  the  change  in  the  variable  X.  On  the  basis 
of  these  results  the  structural  elevations  obtained  from  electric 
and  radiation  logs  for  the  tops  of  the  Medicine  Hat  Sandstone  and 
Colorado  Group  can  be  combined  together  for  the  purpose  of  con¬ 
struction  of  structure  contour  maps  for  these  surfaces. 

The  analysis  leads  to  the  conclusion  that  there  are  very  great 
errors  in  determining  the  isopach  values.  Lack  of  correlation  of 
isopach  values  of  set  A  is  difficult  to  interpret  because  the  tops  and 
bottoms  of  this  interval  are  very  closely  comparable  for  these  22 
observed  values.  It  is,  however,  possible  that  due  to  the  higher 
values  of  the  structural  elevations  in  the  analysis  as  compared  to 
the  lower  net  values  of  isopach  the  difference  may  be  significant  in 
the  case  of  isopach  values.  The  low  degree  of  correlation  between 
the  values  of  set  B-is  attributed  mainly  to  difficulty  in  determining 
the  base  of  the  Medicine  Hat  Sandstone  Member.  The  possibility  of 


. 


. 

' 
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other  disturbing  factors  and  their  respective  influence  on  the  indiv¬ 
idual  values  under  comparison  cannot  be  ruled  out- 

The  analysis  of  data  from  22  wells  demonstrated  the  signific¬ 
ance  and  usefulness  of  a  comparison  of  this  type „  In  order  to  further 
investigate  the  relationship  between  radiation  and  electric  log  data, 
maps  of  the  same  surface  or  interval  drawn  on  the  basis  of  these 
two  data  sources  were  statistically  compared.  Each  map  was  covered 
with  a  3-mile  square  grid3  producing  a  total  of  254  observation 
points  at  which  values  were  obtained.  Where  the  observation  points 
did  not  fall  on  contour  lines5  the  isopach  or  elevation  values  for  that 
location  were  obtained  by  interpolating  between  contours.  Maps 
from  which  data  was  collected  for  comparative  purposes  are: 

Map  1  Isopach  Map  -  Top  Colorado  Group  to  Top  Medicine 

Hat  Sandstone  Member  (basis: 

Electric  log  data) 

Map  2  Isopach  Map  -  Top  Colorado  Group  to  Top  Medicine 

Hat  Sandstone  Member  (basis: 
Radiation  log  data) 

Map  3  Isopach  Map  -  Medicine  Hat  Sandstone  Member 

(basis:  Electric  log  data) 

Map  4  Isopach  Map  -  Medicine  Hat  Sandstone  Member 

(basis:  Radiation  log  data) 


Map  5 


Structure  Contour  Map  -  Top  of  the  Medicine  Hat 


- 


. 
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Sandstone  Member  (basis:  Electric 
log  data) 

Map  6  Structure  Contour  Map  Top  of  the  Medicine  Hat 

Sandstone  Member  (basis:  Radiation 
log  data) 

Map  7  Structure  Contour  Map  -  Top  of  the  Colorado  Group 

(basis:  Electric  log  data) 

Map  8  Structure  Contour  Map  -  Top  of  the  Colorado  Group 

(basis:  Radiation  log  data) 

Map  9  Structure  Contour  Map  -  Top  of  the  Medicine  Hat 

Sandstone  Member  (basis:  Electric 
log  plus  Radiation  log  data) 

Values  for  the  same  sample  grid  points  from  each  of  the 
various  sets  of  maps  (Table  II)  were  compared  by  using  the  computer 
and  linear  regression  programme  which  was  used  in  the  preliminary 
comparison  of  22  wells. 

Data  collected  from  interpretive  contoured  sets  of  maps  have 
serious  limitations  and  these  are  bound  to  be  reflected  in  the  results 
obtained  when  data  so  collected  are  compared.  The  main  one  of 
these  limitations  is  considered  to  be  the  non-identical  location  of 
control  points  for  the  electric  and  radiation  log  data,  the  basis  on 
which  these  contoured  maps  are  constructed.  The  .wells  ha.ving  elec¬ 
tric  type  of  logs  have  a  different  areal  distribution  from  the  wells 


■ 


. 
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with  radiation  type  of  logs.  The  difference  in  the  density  of  the  con¬ 
trol  points  for  the  two  types  of  logs  in  different  parts  of  the  field  is 
another  factor  which  can  give  different  patterns  to  the  contoured 
maps„  In  addition  to  this,  the  maps  based  on  electric  logs  have 
fewer  control  points  than  the  maps  based  on  radiation  logs,  a  factor 
which  potentially  makes  the  latter  a  comparatively  more  reliable 
source.  The  results  obtained  for  the  254  samples  are  shown  in 
Table  IV.  The  values  of  a,  b,  R  and  100R^'  for  sets  A  and  B  in  the 
table  show  that  their  deviation  from  the  expected  values  is  significant¬ 
ly  high.  The  correlation  coefficient  (R)  is  very  low  and  shows  that 

practically  no  relationship  exists  between  the  values  of  variables  X 

2 

and  Y.  The  values  of  100R  are  7%  and  8%  for  sets  A.  and  B  respec¬ 
tively,  indicating  that  only  7%  and  8%  variation  in  the  values  of  pop¬ 
ulation  Y  is  accounted  for  by  the  change  in  the  values  of  variable  X. 

On  the  basis  of  this  it  is  concluded  that  the  isopach  values  for  the 
interval  between  the  top  of  the  Colorado  Group  and  the  top  of  the 
Medicine  Hat  Sandstone  Member  and  for  the  thickness  of  the  Med¬ 
icine  Hat  Sandstone  Member  from  the  two  sources  cannot  be  combined 
for  any  subsequent  geological  interpretation. 

The  values  of  a,  b,  R  and  100R^  for  set  C  and  set  D  in  Table 
IV  show  a  very  minor  deviation  from  their  expected  values  and 
correlation  coefficients  (R)  of  0.  98  and  0.  95  shows  that  a  good,  rela¬ 
tionship  exists  between  the  variables  X  and  Y  for  these  sets  of  maps. 


TABLE  !V  Tabulated  Computer  Results  for  254  Samples 
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The  values  of  100R  indicate  that  95%  and  91%  of  the  variation  in 
populations  of  variable  Y  is  due  to  the  change  in  variable  X.  Data 
pertaining  to  the  structural  elevations  at  the  top  of  the  Medicine 
Hat  Sandstone  and  the  Colorado  Group  from  the  two  log  sources  can 
be  combined  and  collectively  studied  and  conclusions  can  be  drawn. 

The  values  of  a,  b,  R  and  lOOR^'  for  the  sets  E  and  F  in  Table 

IV  show  that  deviation  from  their  expected  values  is  very  minor,  and 

the  existence  of  a  close  relationship  between  variables  X  and  Y  is 

2 

demonstrated  by  the  high  values  of  R.  The  100R  '  values  for  these 
sets  show  that  98%  and  97%  variation  in  the  values  of  population  Y 
is  accounted  for  by  the  change  in  variable  X  and  that  variable  X  is 
a  very  good  predictor  of  variable  Y.  The  results  pertaining  to  sets 
E  and  F  also  demonstrate  that  maps  constructed  with  the  combined 
data  from  the  two  sources  carry  very  close  relationships  with  maps 
constructed  from  data  from  each  source  independently. 

The  results  of  statistical  analysis  of  254  estimated  values 
from  the  electric  log-and  radiation  log-based  isopach  and  structure 
contour  maps  are  in  conformity  with  the  results  obtained  by  analyz¬ 
ing  the  observed  values  from  22  wells.  The  isopach  values  do  not 
correlate,  but  structural  elevations  show  a  very  high  degree  of 
correlation  between  the  data,  obtained  from  the  two  sources.  Struc¬ 
tural  data  can  be  combined  and  a  map  based  on  these  combined  data 


- 


can  be  constructed  and  used  in  conjunction  with  maps  based  on  either 
data. 

A  comparison  of  the  results  of  Table  III  and  Table  IV  pertain¬ 
ing  to  sets  A,  B,  C,  and  D  shows  that  the  parameters  a,  b,  R  and 
2 

100R  have  higher  values  for  the  observed  samples  from  22  wells 
than  the  estimated  254  samples  collected  from  the  maps.  The  lower 
values  of  parameters  in  the  latter  case,  may  be  attributed  to  errors 
inherent  in  the  collection  of  data  from  interpretive  contour  map's. 

In  order  to  determine  the  effect  of  density  of  control  points 
on  the  results,  the  data  from  the  central  part  of  the  fields  lying  be¬ 
tween  Townships  12  and  16  of  the  area  of  Figure  2  containing  the 
maximum  number  of  wells  and  having  186  of  the  254  observation 
points  were  similarly  processed  and  the  results  for  these  186  samples 
are  shown  in  Table  V. 

The  results  shown  in  Table  V  show  no  change,  or  a  slight 
worsening  of  the  relationship  as  compared  with  results  in  Table  IV, 
except  for  set  B  where  the  selection  of  data  from  the  central  part 
of  the  area  only  seems  to  have  effected  an  improvement  in  the 
relationship. 

A  comparison  of  the  values  shown  in  Tables  III  and  V  shows 
that  the  relationship  between  the  isopach  values  for  the  Medicine  Hat 
Sandstone  Member  (set  B)  shows  a  significant  improvement  when  the 
data  from  186  estimated  values  is  processed  and  results  obtained 


TABLE  V  Tabulated  Computer  Results  for  186  Samples 
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compared  with  data  from  the  22  wells.  This  improvement  in  the 
relationship  is  explained  by  the  fact  that  the  isopach  values  obtained 
from  the  22  wells  are  randomly  scattered  all  over  the  area  whereas 
the  186  thickness  values  were  obtained  by  systematically  sampling 
the  area  with  a  relatively  better  sand  body  development. 

In  addition  to  the  statistical  analyses  discussed  above,  a 
similar  comparison  was  made  of  the  net  sand  thickness  (sand  isolith) 
of  the  Medicine  Hat  Sandstone  Member  as  derived  from  5  millivolt 
and  10  millivolt  spontaneous  potential  deflections  on  202  electric 
logs  as  described  earlier.  A  regression  was  also  performed,  com¬ 
paring  the  structural  elevation  of  the  top  of  the  Medicine  Hat  Sand¬ 
stone  with  that  of  the  top  of  the  Colorado  Group  in  these  same  202 

wells.  The  results  obtained  are  shown  in  Table  VI. 

2 

The  values  of  parameters  a,  b,  R  and  1  0  0R  for  the  sand 
isoliths  in  Table  VI  are  close  to  the  values  expected  if  the  quantities 
were  identical.  The  value  of  100R^  indicates  that  70%  of  the  varia¬ 
tion  in  the  value  of  sand  isolith  calculated  from  10  millivolt  spontan¬ 
eous  potential  deflection  is  accounted  for  by  the  change  in  the  value 
of  sand  isolith  calculated  from  5  millivolt  spontaneous  potential 
deflection.  The  mean  value  of  net  thickness  of  sand  is  significantly 
higher  when  a  5  millivolt  spontaneous  potential  deflection  is  used 
as  compared  to  a  10  millivolt  deflection. 

When  structural  elevations  of  the  top  of  the  Colorado  Group 
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TABLE  VI  Tabulated  Computer  Results  for  202  Electric  Logs  Having 
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were  compared  with  structural  elevations  of  the  top  of  the  Medicine 
Hat  Sandstone  Member  a  very  close  correlation  was  obtained,,  The 
intercept  a  in  this  case  is  the  average  thickness  of  the  stratigraphic 
section  between  these  two  markers.  The  regression  indicates  that  the 
top  of  the  Medicine  Hat  Sandstone  Member  and  the  top  of  the  Color¬ 
ado  Group  are  approximately  parallel. 

A  regression  plot  between  the  sand  isolith  and  the  structural 
elevation  on  top  of  the  Medicine  Hat  Sandstone  Member  showed  that 
higher  sand  isolith  values  are  found  in  areas  with  highest  elevations. 
This  relationship  is  also  shown  by  examination  of  the  contoured 

I 

sand  isolith  map  and  structural  contour  map  for  the  top  of  the  Med- 

i  '  1 

icine  Hat  Sandstone  Member. 

The  regres sion  plots  between  the  components  discussed  above 
constitute  Appendix  D. 

Di s cussion  of  Selected  Maps 

The  foregoing  statistical  analyses  have  shown  that  only  struc¬ 
tural  elevation  values  convey  a  reliable  geological  picture.  Either 
set  of  sand  isolith  values  is  probably  equally  reliable,  although  the 
5  millivolt  data  provides  a  more  optimistic  picture,  as  indicated  by 
the  difference  in  mean  values.  As  a  consequence,  the  structural 
contour  maps  for  the  top  of  the  Medicine  Hat  Sandstone  Member 
(Fig.  10)  and  the  top  of  the  Colorado  Group  (Fig.  11)  utilizing  com¬ 
bined  data  from  the  two  sources,  and  the  sand  isolith  map  constructed 
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Figure  1  0 

MEDICINE  HAT-HATTON-HORSHAM  FIELDS 
(Alberta  8  Saskatchewan) 
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with  5  millivolt  spontaneous  potential  deflection  values  were  selected 
for  detailed  discussion.  The  significant  features  shown  by  each  of 
these  maps  are  described  below, 

I  -  Structure  Contour  Map  on  the  Top  of  the  Medicine  Hat  Sandstone 

Member  (basis:  Electric  log  plus  Radia¬ 
tion  log  data) 

The  entire  area  of  Figure  10  shows  a  homoclinal  structure 
with  a  northeastward  dip  having  local  small-scale  features,  such  as 
the  northeast-plunging  assymetrical  anticline  in  the  southwestern 
part  of  the  field,  which  has  been  termed  the  Medicine  Hat  Structure 
by  Me y boom  (I960),  This  feature  appears  to  be  the  only  closed 
structure  in  the  area. 

II  -  Structure  Contour  Map  on  the  Top  of  the  Colorado  Group 

(basis:  Electric  log  plus  Radiation  log 
data) 

The  contour  pattern  of  this  map  (Figure  11)  is  similar  to  that 
of  the  structure  contour  map  for  the  top  of  the  Medicine  Hat  Sand¬ 
stone  Member  (Fig,  10)  as  might  be  expected  on  the  basis  of  the 
data  in  Table  VI,  The  main  difference  is  the  lack  of  closure  on  the 
Medicine  Hat  Structure  at  this  horizon.  Small-scale  local  variations 
may  be  explained  by  a  consideration  of  the  limitations  inherent  in 
the  construction  of  contour  maps  from  a  given  set  of  data. 
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III  -  Sand  Isolith  Map  of  the  Medicine  Hat  Sandstone  Member 

(basis:  5  millivolt  spontaneous  potential  deflec¬ 
tion) 

This  map  (Fig„  12)  shows  that  the  sand  thins  in  all  directions 
from  the  centre  of  the  field.  The  thickest  sand  isolith  zone,  inside 
the  50  foot  contour  is  associated  with  the  structurally  high  area  in 

the  southwest,  but  the  low  contour  values  in  the  extreme  southwestern 

,  1 

corner  of  the  map  suggest  pinching  out  in  that  direction.  The  distri¬ 
bution  of  the  thicker  sandy  zones,  however,  does  not  appear  to 
follow  any  particular  trend  in  the  area  of  study.  The  average  thick¬ 
ness  of  net  sand  in  the  Medicine  Hat  Sandstone  Member  is  20  feet 
(Table  VI). 

A  visual  comparison  of  the  isopach  maps  for  the  Medicine  Hat 
Sandstone  Member  (Figs.  8  and  9)  with  the  isolith  map  (Fig.  12) 
shows  that  a  general  relationship  seems  to  exist  between  the  con¬ 
toured  patterns  except  that  the  area  with  low  net  sandstone  thickness 
shown  by  Fig.  12  in  Township  13,  Ranges  1  and  2,  West  of  the  Fourth 
Meridian  has  no  corresponding  thin  zone  on  the  isopach  maps  (Figs. 


8  and  9). 
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Figure  12 

MEDICINE  HAT-HATTON-HORSHAM  FIELDS 
(Alberta  a  Saskatchwan) 
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CHAPTER  FOUR  -  COMPOSITION  OF  THE  MEDICINE 

HAT  SANDSTONE  MEMBER 

Pet rogr aphy  of  Thin  Sect! o n s 

Thin  Section  Preparation:  Sandstones  of  the  Medicine  Hat 
Member  are  very  friable,  loo  sely- compacted  rocks  with  the  com¬ 
pactness  generally  dependent  upon  the  amount  of  cement  present. 
Calcite-cemented  sandstone  is  comparatively  harder  than  sandstone 
bound  with  clay  matrix.  In  order  to  get  the  thin  sections  from  these 
rocks  it  was  necessary  to  impregnate  the  samples  before  cutting. 

The  following  procedure  was  adopted  for  the  impregnation  of  the 
samples. 

1"  x  1"  blocks  of  the  core  samples  were  put  in  separate  con¬ 
tainers  under  vacuum  for  20  minutes  to  remove  air  from  the  inter¬ 
stitial  pores.  After  this  time,  the  resin  liquid,  a  mixture  of 
"Castolite",  "Castolite  Thinner",  and  "Castolite  Hardner"  mixed 
in  a  ratio  of  25:5:1  was  poured  into  the  sample  containers  still  under 
vacuum,  until  the  samples  were  covered  with  resin.  The  samples 
were  then  removed  from  the  vacuum,  left  at  room  temperature  for 
24  hours,  and  then  placed  in  an  oven  for  24  hours  at  a  temperature 
of  70°F.  After  this  the  samples  were  cooled  at  room  temperature. 
The  impregnated  samples  were  cut  and  mounted  according  to  the 
normal  procedure,  using  Lakeside  70  as  a  mounting  medium. 
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Staining  for  Feldspar;  Due  to  the  fine  grain  size  of  the  rocks 
under  study,  it  was  generally  not  possible  to  optically  differentiate 
between  quartz  and  feldspar.  Staining  techniques  for  qualitative 
and  quantitative  determination  of  potassium  feldspar  and  plagioclase, 
therefore,  were  tried  as  a  useful  alternative.  First,  an  effort  was 
made  to  stain  thinly  cut  slabs  of  the  sandstone,  but  the  simultaneous 
staining  of  matrix,  detrital  clays  and  other  constituents  in  the  sand¬ 
stone  presented  a  considerable  problem  in  obtaining  the  desired 
results,  and  hence  staining  of  twenty  uncovered  thin  sections  from 
the  Medicine  Hat  Field  was  carried  out  according  to  the  methods 
described  by  Hayes  and  Klugman  (1959). 

1  Another  limitation  of  the  staining  technique  which  was  exper¬ 
ienced  in  this  case  was  the  overlapping  of  the  staining  colours  for 
potassium,  feldspar  and  plagioclase  when  both  sodium  cobaltini trite 
and  erythrosin  B  solutions  were  used.  This  overlapping  of  colours 
makes  qualitative  as  well  as  quantitative  determinations  of  these 
two  types  of  feldspars  impossible  and  unreliable.  To  avoid  this 
complication  and  obtain  the  desired  results  three  thin  sections  from 
different  parts  of  the  Medicine  Hat  Field  were  stained  for  the  detec¬ 
tion  of  plagioclase.  The  results  of  the  staining  tests  on  these  thin 
sections  showed  that  the  sandstone  contains  only  traces  of  plagio¬ 
clase.  On  the  basis  of  these  results  staining  for  plagioclase  was 
aba.ndoned  and  all  twenty  thin  sections  were  stained  for  potassium 
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feldspar  only.  The  staining  showed  that  potassium  feldspar  was 
comparatively  abundant  in  all  the  thin  sections. 

Es sential  Components :  The  Medicine  Hat  Sandstone  is  com 
posed  of  quartz,  sedimentary  rock  fragments  (chert,  shale)  and 
feldspar  (dominantly  potassium  feldspar)  as  essential  components 
and  pyrite,  carbonates,  carbonaceous  (coal)  fragments,  zircon, 
apatite,  biotite,  tourmaline,  garnet  and  hornblende  as  accessory 
constituents.  Matrix,  composed  of  clays  and  very  fine  silts  and 
calcite  cement  are  the  common  materials  which  bind  the  grains  of 
the  rock  together. 

In  some  thin  sections  both  types  of  binding  materials  are 
present  simultaneously  with  a,  distinct  distribution.  The  calcite 
is  authigenic  and  seems  to  replace  the  matrix  in  the  sandstone. 

The  sandstone  is  very  fine  to  fine-grained  (Plate  HI,  Nos. 

2  and  5)  with  size  range  between  0.  05  mm.  and  1.75  mm.  (average 
0.  1  mm.  )  and  grains  are  generally  sub-angular  to  sub-rounded 
(Plate  III,  No.  4)  with  moderate  to  good  sorting  (Plate  III,  No.  3). 
Bedding  is  horizontal  to  somewhat  oblique,  and  graded  bedding  was 
observed  in  some  of  the  thin  sections.  The  grains  are  not  closely 
packed  due  to  the  generally  significant  matrix  content.  Streaks  of 
shaly  material  and  matrix  (clay  to  silt)  of  variable  thickness  are 
present  in  the  thin  sections  (Plate  I,  Nos.  3,  5,  and  6).  In  some 
cases  the  matrix  components  are  more  abundant  than  the  coarser 


components  (Plate  I,  Nos,  2  and  4). 

1.  Quartz :  Common  quartz  (Lerbekmo,  1963)  is  the 
most  abundant  mineral,  making  up  62%  to  76%  of  the  rock  with  an 
average  of  68%  of  the  total  rock  components.  Size  of  the  grains 
varies  from  coarse  silt  to  fine  sand,  with  an  average  size  of  0.  1 
mm.  No  significant  size  variation  was  observed  from  one  part  of 
the  area  to  another.  The  grains  are  often  elongated,  angular  to 
sub-rounded  with  most  being  sub-angular  to  sub-rounded.  Grains 
are  generally  unstrained  but  a  small  percentage  of  quartz  grains  do 
show  undulatory  extinction.  Inclusions  are  generally  zircon  and 
mica  (Plate  III,  No.  1).  Fractured  quartz  grains  are  present  ' 
(Plate  I,  No.  1)  but  polycrystalline  quartz  grains  are  rare  and  no 
overgrowths  were  observed.  Generally  the  quartz  has  a  fresh 
appearance. 

The  morphologic  features  and  appearance  of  the  quartz 
gains  suggest  that  it  may  have  been  derived  from  igneous  or  sedi¬ 
mentary  rocks. 

2.  Rock  Fragments:  Sedimentary  rock  fragments 
(chert,  shale  and  carbonates)  constitute  the  second  most  abundant 
type  of  detrital  grains  after  quartz  in  the  sandstone.  They  are 
present  with  a  range  of  6%  to  21%  (average  13%)  of  the  total  rock 
composition.  Although  there  is  some  variation  in  the  relative 
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percentages  of  chert  and  shale  in  the  total  quantity  of  the  rock  frag¬ 
ments,  chert  seems  to  be  the  major  constituent.  The  chert  is 
generally  colourless  to  light  reddish  and  sub-rounded.  It  seems  to 
have  an  even  distribution,  making  up  1%  to  12%  of  the  rock 
(average  6%),  Shale  fragments  are  generally  of  fine  sand  size 
and  are  generally  light  to  dark  reddish  brown  (Plate  IJI,  No.  6). 

3.  F e  ldspar :  Potassium  feldspar  is  dominant  and 
composes  a  trace  to  9%  of  the  rock  with  an  average  of  4%,  .  Plag- 
ioclase  ranges  up  to  1%  in  the  overall  composition  of  the  rock. 

Both  varieties  are  present  as  fresh,  unaltered  to  slightly 
altered,  clear,  sub-angular  to  sub- rounded  grains  with  an  average 
size  of  0.  1  mm.  They  are  seen  to  be  uniformly  distributed  in  the 
rock.  No  overgrowths  were  seen.  The  fresh  appearance  of  feld¬ 
spar  also  leads  to  the  conclusion  that  it  is  derived  either  from  an 
igneous  rock  or  by  the  reworking  of  the  bentonites  present  in  the 
enclosing  shale. 

Oth e r  Components: 

1.  Carbonate s  :  Very  high  birefringence  makes 
this  mineral  an  easily  distinguishable  detrital  constituent  of  the 
sandstone.  Carbonate  grains  generally  sub-angular  to  sub¬ 
rounded  make  up  1%  to  7%  (average  3%)  of  the  .  sand  stone,  and  are 
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fairly  uniformly  distributed. 

2.  Carbonaceous  Fragments:  In  the  megascopic  i 
study  of  the  Medicine  Hat  Sandstone,  flakes  of  coaly  material  are 
obvious.  Under  the  microscope  the  carbonaceous1  fragments  are 
distinguished  from  other  dark  consituents  by  their  dull  black  appear¬ 
ance  under  reflected  light.  It  constitutes  2%  to  13%  (average  5%)  of 
the  total  composition  of  the  sandstone.  Some  of  the  interfragmental 
voids  are  filled  by  carbonaceous  material.  The  distribution  of  this 
material  from  one  location  to  another  in  the  area  under  study  is 
sporadic. 

3.  Cellophane :  (Plate  II,  No.  3)  Elongated,  tabular 
shaped,  reddish  brown  grains  with  distinct  structures  are  termed 
collophane.  They  constitute  up  to  5%  (average  2%)  of  the  total 
rock.  Such  grains  are  generally  isotropic  but  occasionally  show 
very  weak  birefringence.  They  are  sporadically  distributed  in  the 
thin  sections  with  samples  from  the  central  part  of  the  field  being 
richest  in  this  material. 

4.  Matrix :  The  relative  abundance  of  very  fine 
grained  shaly  to  silty  material  having  a  diameter  less  than  0.  02  mm. 
has  been  mentioned  earlier.  The  ratio  of  matrix  to  the  framework 
constituents  of  the  sandstone  was  found  to  be  greatly  variable  from 
one  sample  to  another.  Therefore  the  quantity  of  matrix  was 
visually  estimated  rather  than'  counted.  It  is  present  in  the 
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range  of  3%  to  30%  of  the  total  rock  composition. 

Matrix  is  the  dominant  binding  material  for  the  coarser 
detrital  components  of  the  sandstone  and  is  replaced  by  authigenic 
calcite  in  some  cases.  Some  thin  sections  show  the  presence  of 
matrix  and  calcite  as  the  binding  materials  with  sporadic  to  dis¬ 
tinct  areal  distribution. 

The  clay  size  constituents  of  the  matrix  were  determined  to 
be  chlorite  (?)  kaolinite,  illite  and  very  fine  quartz  by  X-ray  analysis. 

5.  Cement:  Calcite  is  the  only  cement  which  could  be 
detected  from  the  thin  section  study.  This  is  generally  patchy  in 
nature  and  wherever  present  is  a  replacement  of  the  matrix  and 
finer  grained  constituents.  Small  elongated  lenses  of  calcite  cement 
in  the  rock  also  show  that  it  has  replaced  the  streaks  of  matrix 
(P  la  te  II,  No.  2).  Thin  sections  with  calcite  cement  were  found  to 
have  good  sorting  and  very  little  matrix.  The  patchy  calcite  may 
be  the  product  of  leaching  of  the  calcareous  material  (fossil  frag¬ 
ments,  shells,  organic  remains,  etc.  )  which  are  present  in  the 
enclosing  shale. 

Calcite  cement  was  not  quantitatively  determined  by  grain 
counting  methods.  Instead  a  visual  estimation  of  the  relative  quan¬ 
tity  of  calcite  present  in  a  thin  section  was  made.  It  was  observed 
to  form  15%to40%  of  the  sandstone  wherever  it  is  present  as  a 
cementing  material.  Its  areal  distribution  in  the  sandstone  is 
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EXPLANATIONS 
PLATE  I  i 

Thin  Section  photomicrographs  of  Medicine  Hat  Sandstones 


Figure  1 

Fractured  quartz  and  detrital  calcite  grains  in  matrix 

rich  sandstone  (7-6-18-2  W4,  1669  ft.  )  plane  polarized 

light,  X  40. 

Figure  2 

Quartz  and  dark  coloured  rock  fragments  bound  by 

matrix  (6-29-15-1  W4,  1810  ft.),  plane  polarized 

light,  X  40. 

Figure  3 

Sandstone  with  shale  intercalations  (7-6-18-2  W4,  1674 

ft.  ),  plane  polarized  light,  X  25. 

Figure  4  Sandstone  with  dominant  proportion  of  matrix  (10-17- 


13-3  W4,  1428  ft.  ),  plane  polarized  light,  X  40. 

Figure  5 

Poorly  sorted  sandstone  with  streaks  and  laminations 

of  shale  (10-17-13-3  W4,  1428  ft.  ),  plane  polarized 

light,  X  40. 

Figure  6 

Sandstone  and  shale  contact  zone  (6-17-13-1  W4,  1410 

ft.  ),  plane  polarized  light,  X  40. 

' 
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EXPLANATIONS 
PLATE  II 


Thin  section  photomicrographs  of  Medicine  Flat  sandstones. 


Figure  1 


Figure  2 


Figure  3 


Figure  4 


Figure  5 


Figure  6 


Well  cemented  patch  of  sandstone  with  calcite  cement 
(6-34-13-6  W4,  1250  ft.  ),  plane  polarized  light;  X  40. 
Vein  of  calcite  cement  replacing  matrix  (7-6-18-2  W4, 
1669  ft.  ),  plane  polarized  light,  X  40. 

Tabular  Collophane  fragment  (11-1-16-1  W4,  1884  ft.). 
plane  polarized  light,  X  4  0. 

Well  sorted  sandstone  from  the  main  part  of  the  reser¬ 
voir  (6-13-14-2  W4,  1437  ft.  ),  plane  polarized  light, 

X  40. 

Poorly  sorted  sandstone  with  calcite  cement  (6-29-13-2 
W4-,  1368  ft.  ),  plane  polarized  light,  X  40. 

Poorly  sorted  argillaceous  sandstone  with  matrix  bind¬ 
ing  material  (10-17-13-3  W4,  1405  ft.  ),  plane  polarized 


light,  X  40. 


- 
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EXPLANATIONS 
PLATE  III  , 

Thin  section  photomicrographs  of  Medicine  Hat  Sandstones. 


Figure  1 

Zircon  inclusions  in  quartz;  stained  pottassium  feldspar 

(11-21-16-1  W4,  1884  ft.),  plane  pola.rized  light,  X  64. 

Figure  2 

Twinned  albite  and  stained  pottassium  feldspar  grains 

in  a  moderately  to  well  sorted  sandstone  (11-27-16-2 

W4,  1817.  6  ft,  ),  plane  polarized  light,  X  40. 

Figure  3 

Well  sorted  a.nd  well  indurated  sandstone  with  dark 

coloured  rock  fragments  (11-27-16-2  W4,  1817.6  ft.  ), 

plane  polarized  light,  X  40. 

Figure  4  Sandstone  with  matrix  as  binding  material  and  one 


microcline  feldspar  grain  (6-34-13-6  W4,  1235  ft.), 

plane  polarized  light,  X  40. 

Figure  5 

Subangular  to  subrounded,  poorly  to  moderately  sorted 

sandstone  (7-20-11-6  W4,  1065  ft.  ),  plane  polarized 

light,  X  40. 

Figure  6 

Sandstone  with  abundant  dark  carbonaceous  shale  frag¬ 
ments  (6-13-14-2  W4,  1437  ft.  ),  plane  polarized  light, 

X  40. 
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probably  sporadic. 

Porosity:  Porosity  in  the  sandstone  appears  to  be  variable, 
with  calcite  cement  as  an  effective  factor  in  reducing  the  original 
porosity.  Sandstones  with  high  matrix  content  seem  to  have  com¬ 
paratively  higher  porosity.  Core  analyses  from  10  wells  from 
different  parts  of  the  area  (when  studied) show  that  (the  sandstone 
from)  the  main  part  of  the  sandstone  body  (central  part  of  the  Med¬ 
icine  Hat  Field)  has  the  highest  poro sity.  Porosity  ranges  from  1% 
to  33%,  including  variations  in  the  porosity  values  for  sandstone 
from  different  levels  in  the  same  welh  Table  VII  shows  average 
weighted  poro sity  values  for  the  sandy  zone  of  the  10  wells.  1 

The  percentages  of  all  the  constitutents  of  Medicine  Hat  Sand¬ 
stone  and  of  the  essential  components  only,  recalculated  to  100  per¬ 
cent  are  shown  in  Table  VIII  for  the  nine  sandstone  samples  for  which 
grain  counting  was  carried  out. 

Classification  of  Sandstone:  Pei- Yuan  Chen's  (1968)  class¬ 
ification  of  sandstone  was  used  in  the  present  study.  This  scheme 
of  classification,  which  is  the  most  recent  addition  to  a  long  list  of 
sandstone  classifications,  uses  the  conventional  ternary  diagram, 
with  quartz,  feldspar  and  rock  fragments  at  the  poles.  The  quartz 
pole  in  this  scheme  includes  all  types  of  composite  mega-quartz 

I 

grains  larger  than  0.  02  mm.  but  not  the  chert  which  is  included 


. 
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■ 
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TABLE  VI!  The  average  Porosity  Valuerfor  Medicine  Hat  Sandstone 
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1  Quarizose  QUARl  Z 


FELDSPAR  1;1  ROCK  FRAGMENT 

(including  Chert) 


FIGURE  13 —  Sandstone  Classification  &  Nomenclature 

(after  Pei -Yuan  Chen ,  1968) 
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QUARTZ 


FELDSPAR  50  ROCK  FRAGMENT 

( including  Chert ) 


FIGURE  14  —  Compositional  Classification  of  Medicine  Hat  Sandstone 

(after  Pei  - Yuan  Chen,  1968  ) 
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with  rock  fragments.  The  nomenclature  is  based  on  the  quartz  con¬ 
tent  and  the  ratio  of  feldspars  to  the  lithic  fragments  (Figure  13). 

The  respective  percentages  of  the  essential  components  of 
Medicine  Hat  Sandstone,  namely  quartz,  feldspar  and  rock  frag¬ 
ments,  when  plotted  on  the  ternary  diagram  of  Chen's  classification 
(Figure  14),  show  that  seven  of  the  nine  samples  fall  into  the  class 
of  subquartzose  sandstone  (four  of  which  belong  to  the  sublitharen- 
ite  subclass,  one  to  the  subarkose  subclass,  and  two  samples  lie 

i 

on  the  boundary  between  these  two  subclasses),  and  the  remaining 
two  samples  can  be  termed  lithar enite.  Their  areal  distribution 
cannot  be  delineated  on  the  basis  of  this  limited  study „ 

In  terms  of  terminology  based  on  maturity  of  the  rocks,  this 
sandstone  which  has  a  detrital  matrix  percentage  higher  than  15% 
in  the  majority  of  cases,  falls  into  the  category  of  immature  to  very 
immature  muddy  sandstones  (Chen,  1968). 

Heavy  Accessory  Minerals 

Detrital  heavy  minerals  may  be  less  than  0»  1%  of  the  total 
composition  of  the^  Medicine  Hat  Sandstone.  The  finer  fractions 
(-120  +230  U.  So  Standard  mesh)  are  richer  in  some  of  the  heavy 
minerals  such  as  zircon,  whereas  the  coarser  fractions  are  com¬ 
paratively  poor  in  all  such  heavy  minerals. 

The  small  vertical  thickness  of  the  Medicine  Hat  Sandstone 
does  not  warrant  a  detailed  examination  of  its  heavy  minerals 


.  < 
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related  to  different  vertical  horizons.  The  purpose  of  this  study 
was  to  determine  the  various  types  of  heavy  minerals  present  and 
to  help  in  establishing  the  provenance  of  the  sandstone.  To  accom¬ 
plish  this  objective  five  samples  were  selected  from  different  parts 
of  the  Medicine  Hat  Gas  pool.  The  locations  of  these  samples  are 
given  in  Appendix  A. 

An  appropriate  quantity  of  chips  from  the  core  samples  was 
crushed  using  an  iron  mortar.  The  crushed  material  was  further 
ground  on  a  glass  slab  with  a  light  wooden  roller  to  ensure  the  max¬ 
imum  possible  disintegration.  The  granular  product  so  obtained 
was  dry  sieved  using  numbers  60,  1Z0,  and  Z30  (U.  S.  Standard 
sieves).  The  -60  H  1Z0  fraction  was  processed  with  tetrabromoe- 
thane  (S.  G.  Z.  94  @  20°C).  Those  minerals  having  specific  gravity 
higher  than  Z.  94  settled  to  the  bottom  of  the  separating  funnel  and 
were  collected  on  filter  paper.  This  heavy  fraction  was  washed 
with  acetone  and  dried.  A  hand  magnet  was  used  to  separa  te  the 
magnetic  minerals  from  this  heavy  fraction  of  the  sandstone  and 
the  remainder  was  mounted  on  glass  slides  using  Aroclor  (n  =  1.66) 
as  the  mounting  medium.  A  visual  estimation  only  of  the  heavy 
mineral  content  of  the  slides  was  made,  revealing  no  obvious  var¬ 
iation  in  heavy  mineral  types  from  one  part  of  the  field  to  another. 
The  non-opaque  heavy  minerals  are  present  in  the  following  order 


of  abundance  in  the  Medicine  Hat  Sandstone: 


. 
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1.  Biotite 

2.  Apatite 

3.  Zircon 

4.  Hornblende 

5.  Tourmaline 

6.  Garnet 

7.  Collophane 

Traces  of  epidote,  spinel,  rutile,  and  chlorite  were  also 

I 

encounter  ed. 

Pyrite  constitutes  the  main  opaque  mineral  component  and 
also  makes  up  the  bulk  of  the  heavy  minerals  present. 

A  brief  description  of  each  of  the  minerals  mentioned  above 
is  given  below: 

1.  Pyrite :  The  pyrite  is  subangular  to  subrounded,  elong¬ 
ated  with  some  irregular  shaped  grains. 

i 

A  characteristic  brassy  metallic  luster  under  reflected  light 
distinguishes  the  mineral  from  the  other  opaque  minerals.  Igneous, 
sedimentary  or  metamorphic  origin's  may  be  assigned  to  this  miner- 

i 

al  or  it  may  be  authigenic  in  nature.  It  signifies  reducing  environ¬ 
ments,  especially  under  marine  conditions  for  the  deposits  in 
which  it  is  present,  and  therefore  is  generally  associated  with 
black  or  dark  grey  clays  or  muds  which  are  products  of  reducing 
environments  (Milner  1962). 


■ 


■ 
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2.  Biotite :  Three  varieties  based  on  difference  in  colour 
(light  reddish  brown  to  dark  reddish  brown,  green  and  coLourless) 
are  present,  but  the  brown  variety  is  dominant.  The  colourless 
variety  may  be  formed  by  leaching  of  iron  from  darker  grains- 
Biotite  is  generally  subangular  to  subrounded.  Inclusions  generally 
occur  in  the  brownish  variety  and  consist  of  minute  black,  spherical 
to  square  shaped  bodies.  Biotite  may  have  an  igneous  or  meta- 
morphic  source,'  reddish  brown  biotite  is  considered  to  be  derived 
from  regionally  metamorphosed  rocks  (Lerbekmo  1963). 

According  to  Milner  (1962)  fresh  biotite  is  present  in  quan¬ 
tity  in  sealed  deposits,  especially  lenticular  sandstone  associated 
with  clays  or  shales. 

3.  Apatite :  Colourless  apatite  is  common  in  the  Medicine 
Hat  Sandstone.  It  occurs  as  subhederal,  prismatic,  elongated, 
occasionally  egg-shaped  crystals.  It  is  subangular  to  subrounded. 
The  shape  of  the  grain  suggests  that  apatite  may  be  a  second  cycle 
mineral. 

Apatite  may  be  derived  from  igneous  rocks,  especially 
granite  and  syenite.  It  is  relatively  soluble  in  acid  solutions  but 
survives  in  argillaceous  impervious  or  sealed  sediments  rather 
than  in  arenaceous,  porous  rocks.  Apatite  is  usually  present  in 
si  It  stones,  shales  or  red  marls,  which  are  common  products  of 


continental,  lacustrine,  fluviatile,  rarely  marine  environments 
(Milner  1962). 
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4.  Tourmaline:  Light  green  to  dark  green  and  brown 
varieties  of  tourmaline  occur  as  subhederal,  angular  to  subangular, 
prismatic,  fresli-appearing  grains.  Inclusion  of  irregular- shaped, 
minute,  opaque  crystals  are  often  present. 

5.  Hornblende:  Hornblende  is  light  to  dark  green  in  colour 
It  has  a  subhedral,  angular  to  subangular  shape,  and  a  fresh  appear¬ 
ance.  It  may  have  an  igneous  or  metamorphic  source,  and  fresh 
hornblende  may  indicate  deposition  in  a  "sealed"  rock  unit.  The 
green  variety  is  comparatively  more  stable  than  the  brown  variety 
and  is  favoured  by  marine  environments  (Milner  1962). 

6.  Garnet:  Light  pink  coloured  and  colourless  varieties 
of  garnet  are  abundant  in  one  of  the  five  mounts  prepared.  In  the 
remaining  samples  only  traces  of  garnet  are  present.  It  is  gener¬ 
ally  present  in  subhederal  to  anhederal  form  and  is  subangular  with 
zircon  inclusions.  Generally,  it  has  a  fresh  appearance. 

Garnet  is  generally  derived  from  the  contact  metamorphic 
zones,  though  it  may  also  come  from  acid  igneous  rocks. 

7.  Zircon:  Zircon  is  colourless  to  light  purple  coloured, 
subangular  to  rounded,  euhederal  to  subhederal  and  with  prismatic 
shape.  It  forms  the  bulk  of  the  heavy  minerals  in  finer  fractions 
and  is  relatively  less  abundant  in  the  coarser  fractions.  Inclusions 
are  rare  to  absent.  In  some  cases  it  has  a  'dirty'  appearance.  If 
subrounded  to  rounded  its  grains  are  probably  indicative  of  several 


I 


■ 

. 


' 


cycles  of  erosion,  transportation  and  deposition. 

Zircon  may  be  derived  from  acid  and  intermediate  igneous 

rocks. 

8.  Cellophane :  Light  brown  and  colourless  varieties  of 
collophane  are  common  in  the  heavy  minerals  of  the  Medicine  Hat 
Sandstone.  It  is  subangular,  subhederal  to  anhederal,  elongated 
and  sometimes  irregularly  shaped.  It  has  a  very  weak  birefring¬ 
ence  and  in  some  cases  it  is  isotropic.  Wavy  extinction  is  charac¬ 
teristic  of  the  collophane  grains  which  show  birefringence.  Relief 
of  the  grains  is  moderate. 

Organic  remains  in  the  sandstone  and  enclosing  shale  such 
as  fish  scales,  may  have  provided  an  ample  source  for  its  forma¬ 
tion.  • 

Clay  Mineralogy 

General  Statement :  Under  the  binocular  microscope  and  in 
thin  section  the  Medicine  Hat  Sandstone  exhibits  a  high  proportion 
of  shaly  material.  Thin  section  studies  reveal  that  clay  minerals 
are  present  in  the  form  of  matrix  in  the  sandstone.  As  the  detailed 
study  and  identification  of  clay  minerals  in  sandstones  by  conventional 
microscopic  methods  is  neither  satisfactory  nor  reliable,  it  was 
deemed  necessary  to  examine  the  clays  present  by  applying  x-ray 
diffraction  techniques.  The  x-ray  diffraction  technique  employed 
for  the  determination  of  the  clay  minerals  was  purely  of  a  qualitative 
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nature  and  did  not  provide  any  information  concerning  the  quantity 
of  clay  minerals  present.  One  sample  from  each  of  four  wells  having 
a  representative  geographic  distribution,  in  the  area  west  of  the 
Fourth  Meridian  was  selected  for  the  determination  of  clay  miner¬ 
als.  The  locations  of  these  samples  are  shown  in  Appendix  A. 

Sample  Preparation:  Samples  from  the  four  wells  were 
separately  disintegrated  by  agitating  them  in  water.  The  coarser 
fraction  was  allowed  to  settle  over  a  5  to  1 0  minute  interval,  and 
the  finer  particles  remaining  in  suspension  were  separated  from 
the  coarser  ones  by  decanting  them  into  another  beaker.  The  de¬ 
canted  fraction  was  thoroughly  mixed  with  distilled  water,  using 
an  electric  rotary  blender  with  1  to  2  grams  of  calgon,  added  to 
prevent  the  flocculation  of  clay  particles.  The  mixture  was  left  in 
a  1000  ml.  cylinder  for  one  hour  in  order  to  enable  the  particles 
coarser  than  4  microns  to  settle.  At  the  end  of  this  interval  50  ml. 
of  the  mixture  was  withdrawn  by  pipette  from  a  depth  of  5  cms. 

This  mixture  was  considered  to  contain  only  particles  of  up  to  4 
microns  diameter.  This  mixture  was  allowed  to  settle  over  a 
frosted  glass  slide  in  a  beaker  for  24  hour's  thus  depositing  all 
the  particles  coarser  than  1/2  micron  on  the  slide.  The  super¬ 
natant  liquid  was  then  removed  from  the  beaker  using  a  pipette 
and  the  slide  was  allowed  to  dry  in  air  at  room  temperature  for 
24  -  48  hours.  The  sample  preparation  tends  to  orient  clay  minerals 
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parallel  to  the  slide  so  that  planar  (001)  reflections  are  intensified 
in  the  subsequent  x-ray  analysis. 

Analytical  Procedure:  The  x-ray  diffraction  unit  used  in  this 
study  is  a  Phillips -Norelco  type  1204-5B/3  x-ray  diffractometer  with 
a  geiger  counter,  using  nickel-filtered,  copper  radiation  produced 
by  a  Phillip s -Norelco  type  12045B/3  generator.  The  unit  was  oper¬ 
ated  at  35  KV  and  15  MA,  with  a  scale  factor,  multiplier  and  time 
constant  of  4,  1,  and  1  respectively.  The  diffractogram s  were  ob¬ 
tained  by  running  the  chart  paper  at  a,  speed  of  1/2  inch  per  minute, 
scanning  a  range  of  4°  to  30°  20  at  a  rate  of  one  degree  20  per  min¬ 
ute.  This  scan  interval  was  found  to  include  all  the  principal  peaks 
of  all  the  clay  minerals  present  in  the  samples. 

Each  of  the  samples  was  x-rayed  in  its  untreated  form,  with 

o  o  o  o  o 

each  producing  strong  peaks  at  13.  7  A,  1  0  A,  7.  1  A,  4.  99  A,  3.  57  A 

o 

and  3.  31  A.  The  intensity  of  the  peaks  was  slightly  less  in  those 
samples  from  the  northern  part  of  the  field. 

The  samples  were  then  sprayed  with  ethylene  glycol  and  left 
for  12  to  1 6  hours.  This  process  expands  the  montmorillonite 
lattice  and  helps  to  differentiate  this  mineral  from  other  non- expand¬ 
ing  clay  minerals.  The  glycolated  slides  were  then  x-rayed,  utiliz¬ 
ing  the  same  machine  settings  as  were  used  for  the  untreated 
samples,  producing  diffra.ctogram s  which  showed  no  shifting  of 

i 

the  peaks.  This  was  taken  to  indicate  that  expanding  clays  were  not 
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present  in  the  samples. 

The  third  step  in  the  procedure  involved  heating  the  slides 

to  550°C.  t  10°C.  for  one  hour.  This  procedure  provided  a  check 

on  the  presence  of  kaolinite  which  was  suspected  of  being  in  the 

samples.  The  heated  samples  when  x-rayed,  clearly  showed  the 

o  o 

collapse  of  kaolinite  peaks  at  7.  1  A  but  a  low  peak  at  3.  57  A,  though 
losing  its  intensity,  p er  si  s ted  after  heat  treatment. 

X-ray  Mineral  Identification:  A  comparative  examination 
of  the  diffractograms  showed  that  the  pattern  is  generally  unchanged 
from  one  sample  to  another,  indicating  that  there  is  little  or  no 
variation  in  the  type  of  clay  from  one  part  of  the  field  to  the  other. 

Clay  minerals  were  identified  by  comparing  peak  positions 
with  the  location  of  peaks  for  different  standard  clay  minerals 
(Molloy  and  Kerr,  1961).  Chlorite,  kaolinite,  illite  and  quartz 
were  identified  in  each  of  the  samples.  Figure  15  shows  the  charac¬ 
ter  of  the  diffractometer  traces  for  several  samples. 

Table  IX  briefly  summarizes  x-ray  diffraction  data  for  the 
most  common  clay  minerals  and  the  effect  of  glycolation  and  heat¬ 
ing  on  different  minerals  in  oriented  samples. 

The  prominent  peaks  in  the  untreated  samples  are  at  13.  7  . 

1 0  A,  7.  1  A,  4.  99  A,  3.  57  A,  and  3.  31  A  which  correspond  to 
various  values  of  basal  reflections  of  chlorite,  kaolinite  and  illite. 
C-lycolation  does  not  seem  to  have  any  effect  on  any  of  these  peaks 


>o 


■ 


■ 


■ 


* 


93 


(3.01  ♦) 
3.  OS? 
03IV2M 


Q3TVTCDXD  CmvatlNTlj 


I  (3.01  «) 
3.0?? 
C31V3H 


a3r.GG3,oo 


C3iy 3Z1ND 

(3.01  *) 
3.  OS? 

HiVXDArD 

auvsaiNn 

03J.V3H 

l- 61-9-f  I  V/A9-81-FE-9  I  I  ?,V,9-U-02-/ 

1VH  3NOI03W  VWltsg  -  t  I  1VH  3NDI03W  SSVIO  W  OO  - Z  |  |  ivw  3NI3I03W  IW3IH3W 

BLCTJ^r- - I'TSTrnr.i: ir  Jr-— -. 1.-.  -  - r  v_j.  -  - -c-cr -r_nzn^-  -  •  -rs-x-A--.  .  .  __  ..  j  "- 


O 


& 

o 


o 

CO 


o 

o 


c 

CM 


e 


o 

o 


o 

CO 


O 

CM 


o 

CM 

CM 


o 


Mf 

CM 


-o 

CM 


o 

CO 

CM 


o 

CO 

CD 

c\t 


M 

© 

D 

E 

o 

o 

“a 

1*. 

© 

C 

£ 


a 

C> 


© 


F 

O 

L . 


O 

£ 

u 

i_ 

O'. 

o 

4- 

U 

a 

k.. 

Vi— 

o 


Cf) 

p— ■ 

UJ 

Ct' 

o 


o 

JQ 

£ 

© 

2 

© 

cc 

o 

-i  - 

"O 

c 

O 

</3 

_o 


© 

c: 

‘p 

“O 

c> 

*> 


O 
.  r; 


vt— 

o 


-  94 


co 

0) 

pi 

s 

o5 

in 

>4 

u 

x 

0) 

4-4 

d 
0 
•  i-i 

fn 

o 

<4-4 

o 

co 

d 

f4 

0 

4-4 

4-> 

aj 

P-: 

d 

o 

•r- 1 
4-1 

o 

cti 

u 

'-h 

<4H 

•r4 

Q 

>> 

aj 

fH 

I  . 

X 


CO 

d 

o 


•rH 

X 

d 

o 

U 

x 

<L) 

4-1 

aj 

0 

p 

X 

d 

0j 

X 

0 

4-1 

a 

o 

o 

t>4 

d 


X 

0> 

4.1 

aj 

0 

u 

4-> 

d 

P 

d 

•  r — I 


00 

X 

O 


e 

. — i 

p 

*  i — i 

ctf 

fH 

0 

4-1 

'+4 

o3 

X 

0 

•  i — i 
'4-4 
•t-4 

X 

o 

2 


X 

PH 

W 

P 

P-1 

P 

H 


fH 

o 

m 

U 

o 


+i 

O 

o 

o 

x 

x 

bo 

d 

•  r — ( 


u 

d 

o 

P 

0 

d 

o 


aj 

0 


P 


X 

<D 

!>4 

o 

fH 

441 

CO 

0 

X 


a3 

fH 

a; 

d 

•  i — I 
2 


CO 

CD 

•  i — I 

<4-4 

•i-4 

CO 

d 

0 

4-' 

d 

•rH 


o 

o 

co 

CD 

CO 

aj 

CD 

f4 

O 

CD 

Q 


fH 

CD 

X 

f4 

O 

fH 

CD 

£ 


o 


P 


CO 

a! 

0 

p, 


m 

O 

co 

co 

O 


b0 

a 

•  i-4 
£ 

O  o 
rd  >4 
CO  ^ 

•T-l 


CO 

Pd 

aj 

0 

P- 


CO 

d 

0 

4-1 

d 

•  rH 


4— > 

o 

0 


M-4 

<4H 


0 

o 


p 


°P 

o 


o 

4-4 


co 

0 

CO 

p4 

aS 

■ — I 
. — I 

O 

U 


°P 

o 


d 

o 

b0 

d 

•rH 

X 

d 

0 

Pi 

0 

x 


0 

CO 

ho 

4-4 

d 

aj 

‘X 

d 

0 

d 

a 

o 

Pi 

a 

ctf 

d 

o 

o 

d 

o 

•rH 

4-4 

Oj 

O 

o 

j>4 

a 


4-4 

u 

0 

m 

m 

0 

o 

P 


op 


r- 

X 

w 

4~> 

Cj 

0 

X 

i—4 

o<; 

X  , 

d 

0 

Pi 

0 

4-1 

o’ 

o 

® 

X 

0 

X 

3 

o 

0 

0 

X 

1  1 

0 

w 

<4H 

<4H 

aj 

4-4 

u 

o 

4-1 

CO 

0 

4-1 

CO 

bo 

d 

aj 

S 

o 

o 

>4 

0 

X 

X 

Pi 

. — i 

'4-4 

HH 

d 

d 

U 

d 

0 

0 

aj 

aj 

o 

fH 

Pi 

Pi 

K 

t>4 

b0 

aj 

•  0 

V) 

aj 

Ph 

p 

P 

w 

•  S 

d 

•  rH 

op 

X 


fH 


X 

0 

4-4 

op 

op 

op 

o 

op 

X 

op 

o  o 
A29A 

aj 

o 

00 

X 

0 

i'¬ 

1 — 1 

1 — [ 

r— 1 

r — 1 

oo 

fH 

ll 

II 

II 

II 

II 

ll 

4-1 

i — i 

1 — 1 

1 — 1 

rH 

rH 

i — i 

d 

o 

o 

o 

o 

o 

o 

P 

o 

o 

o 

o 

o 

o 

X 

X 

X 

X 

X 

X 

0j 

fH 

0 

d 

•  i — i 
2 
t>4 

Cj 

p— j 

V 


0 

4-4 

•d 

5 

p 

o 

r - 1 

0 

er 

0 

4-P 

•  i — ( 

0 

4-1 

•  I — J 

f4 

O 

4-J 
•  rH 

r-  1 

0 

0 

>4 

aj 

P 

d 

•  H 

•rH 

fH 

s 

•  i — l 

c! 

X 

. — 1 

o 

0 

0 

4— > 

4-1 

d 

C 

fH 

0 

X 

ai 

P 

•iH 

o 

0 

•rH 

u 

. — l 

1 — 1 

> 

oo 


•  •  •  • 

x  x  x  x 


. 


95  - 


suggesting  the  absence  of  expanding  clay  minerals  (e.  g.  montmoril- 

lonite  and  vermiculite).  Tlie  heated  samples  when  x-rayed  show  no 
o 

7.  1  A(d00]  )  peaks  for  kaolinite  but  a  very  weak  pea.k  in  two  of  the 

o 

four  heated  samples  at  3,  57A  (kaolinite  dQQ9  )  persists  and  suggests 
that  the  kaolinite  structure  did  not  entirely  collapse,  which  may 
indicate  that  the  samples  were  not  heated  to  the  proper  temperature 
of  550°  (t  10°C). 


o 


The  1  3.  7  Apeak  in  the  diffractogram  is  interpreted  as 

chlorite  exclusively.  It  shows  variation  in  its  intensity  from 

sample  to  sample  but  is  persistent.  This  peak  is  not  affected  by 

gly eolation  but  heating  seems  to  destroy  it,  as  it  is  not  found  on 

the  diffractogram s  for  the  heated  samples.  The  only  peaks  per- 

o 


sisting  throughout  the  treatment  are  those  of  illite  (dQQ^J  0A, 
o  o 

d002=4.99A,  and  dQQ3=3c  31  A)  the  latter  probably  being  combined 
with  quartz  (4qq?  )  i-n  the  samples  under  study. 
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CHAPTER  FIVE  -  SUMMARY  AND  CONCLUSIONS 

I.  The  stratigraphic  analysis  of  the  section  from  the  top  of  the 

Milk  River  Formation  to  the  base  of  the  Medicine  Hat  Sandstone 
Member  carried  out  in  this  study  has  shown  that: 

io  The  present  day  structure  on  top  of  the  Medicine 

Hat  Sandstone  Member  consists  of  an  asymmetric 
anticline  (Medicine  Hat  structure)  confined  to  the 
southwestern  part  of  the  area  under  study.  Other 
structures  present  include  small  scale  "lows"  and 
"highs"  on  a  broad  homocline  dipping  to  the  north¬ 
east.  The  similarity  between  the  structural  pattern 
on  top  of  the  Medicine  Hat  Sandstone  and  the  top 
of  the  Colorado  Group  indicates  that  most  of  the 
structures  are  post- Colorado  in  time.  Isopach 
maps  of  the  interval  between  these  markers  how¬ 
ever,  indicate  a  thinning  over  the  field  area, 
suggesting  that  structural  and/or  topographic 
relief  may  have  been  present  over  the  field  during 
deposition  of  these  sediments. 

ii„  Isopach  and  isolith  maps  of  the  Medicine  Hat  Sand¬ 

stone  Member  show  that  it  is  an  elongated  body 
with  a  general  west  to  east  trend  having  an  average 
thickness  of  37  feet,  of  which,  on  the  average,  sand 


■ 
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constitutes  up  to  20  feet.  These  maps  reveal  a 
clear  pinching  out  of  the  sandstone  body  in  all  direc¬ 
tions  though  the  limits  of  the  body  are  difficult  to 
de  lineate. 

iiio  There  does  not  appear  to  be  any  relationship  between 

the  structural  configuration  of  the  top  of  the  Medicine 
Hat  Sandstone  and  the  isopach  trends,  although  the 
higher  isolith  values  coincide  with  the  higher  eleva¬ 
tions  in  the  southwestern  part  of  the  area,  suggest¬ 
ing  a  convex- upward  shape  of  the  sand  concentra¬ 
tions. 

iv.  Stratigraphic  and  structural  cross-sections  show 
that  the  sand  body  was  deposited  on  an  approx¬ 
imately  horizontal  plane  parallel  to  the  top  of  the 
Colorado  Group.  Thickening  of  the  Milk  River 
Formation  and  a  generally  corresponding  thinning 
of  the  Colorado  Shale  in  the  north  has  no  effect  on 
the  thickness  of  the  Medicine  Flat  Sandstone. 

v.  The  present  day  structural  setting  of  the  area  shows 
that  the  sandstone  body  occurs  on  the  northeastern 
flank  of  the  Sweetgrass  Arch  and  that  it  gradually 
thins  towards  the  northeast. 

vi.  Litho logically  the  Medicine  Hat  Sandstone  is  generally 
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grey  coloured,  friable  to  compact,  fine  grained, 
thinly  bedded,  and  very  rich  in  regular  to  irreg¬ 
ular  shaly  streaks  of  variable  thickness.  Carbon- 

i 

aceous  and  organic  material  is  generally  present. 
Contacts  of  the  sand  with  the  enclosing  shale  are 
gradational.  Sedimentary  structures  present  in¬ 
clude  horizontal  to  slightly  oblique  bedding,  and 
burrowings  are  common,  suggesting  low  velocity, 
quiet  water  conditions  of  deposition. 

II  Petr ographica lly  the  Medicine  Hat  Sandstone  is  composed 

of  quartz,  chert,  shale  and  detrital  carbonate  rock  fragments  and 
potassium  feldspar  as  its  essential  components.  Pyrite,  biolrite, 
apatite,  zircon,  hornblende,  tourmaline  and  cellophane  are  present 
as  accessories.  The  rock  is  classified  as  a  subquartzose  sandstone 
under  Chen's  (1968)  scheme  of  classification.  Matrix  is  the  prim¬ 
ary  binding  material  but  in  some  sections  calcite  cement  is  present. 
Replacement  of  shaly  streaks  by  calcite  veins  is  observed. 

Texturally,  the  sandstone  is  very  fine  to  fine  grained,  with 
elongated,  subangular  to  subrounded,  grains,  poorly  packed,  sug¬ 
gestive  of  a  comparatively  short  history  of  transportation  and 
rapid  deposition. 

Sorting  is  only  moderate,  but  calcite  cemented  parts  are 
well  sorted  indicating  higher  primary  porosity  in  those  parts  of  the 
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sandstone  body  . 

No  significant  Lateral  or  vertical  variation  in  the  composi¬ 
tion  and  texture  of  the  sandstone  was  observed,  suggesting  that  the 
factors  responsible  for  the  deposition  of  this  sandstone  body  over  a 
large  area  were  similar  in  nature  and  magnitude. 

The  pyrite  component  of  the  heavy  minerals  is  most  probably 
authi genic  in  origin  whereas  the  apatite,  biotite  and  hornblende  may 
have  been  derived  from  volcanic  rocks  in  the  source  area.  A  pos¬ 
sibility  of  the  derivation  of  all  the  heavy  accessory  minerals  of  the 
Medicine  Hat  Sandstone  from  volcanic  ash  in  the  enclosing  Colorado 
Shale  cannot  be  ruled  out. 

Ill  Comparing  the  Medicine  Hat  Sandstone  with  other  sandstone 
bodies  of  Upper  Cretaceous  age  such  as  the  Cardium  and  Milk  River 
Formations  as  reported  by  other  authors  shows  that  lithologically 
these  str atigraphically  separate  sandstone  bodies  are  similar  in 
composition,  texture  and  their  high  shale  content.  The  areal  extent 
of  the  Medicine  Hat  Sandstone  is,  however,  limited  as  compared 
to  the  Cardium  or  Milk  River  Formations.  The  Medicine  Hat  Sand¬ 
stone  differs,  in  that  it  is  a  shallow  marine  deposit  without  known 
lateral  non-marine'  equivalents  and  is  entirely  enclosed  in  the 
Colorado  Shale.  The  source  of  the  Medicine  Hat  Sandstone  cannot 
be  inferred  from  its  stratigraphic  position  and  lateral  relationships. 


On  the  other  hand,  Cardium  and  Milk  River  Sandstones  show  trans- 
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gressions  and  regressions  of  the  sea  and  clearly  point  to  a  western 
source  for  the  coarse  elastics.  It  seems  possible  that  waves  and 
currents  may  have  reworked  the  Colorado  Shale  winnowing  out  the 
silt  to  very  fine  grained  sand  fraction  from  muddy  sediments  pro¬ 
ducing  a,  moderately  sorted,  dirty  arenaceous  material  in  this 
general  area  which  may  have  been  a  shoal  in  a  shallow  sea. 

IV.  Statistical  comparison  of  the  data  obtained  directly  from 
electric  and  radiation  logs  for  22  wells  and  from  the  systematic 
sampling  of  the  maps  constructed  with  the  values  from  these  two 
sources,  by  using  a  linear  regression  model  indicates  that: 

i.  Isopacli  values  derived  from  electric  and  radiation 
logs  are  not  comparable,  having  a  low  correlation 
coefficient  (R).  The  data  cannot  be  stati  stically 
combined  to  construct  maps  and  cross-sections. 

ii.  A  relatively  better  correlation  coefficient  (R)  for 
the  isopach  values  of  the  Medicine  Hat  Sandstone 
Member  from  the  two  types  of  logs  is  obtained  by 
comparing  data  from  that  part  of  the  field  with 
maximum  well  density.  However,  a  decrea.se  in 
the  value  of  correlation  coefficient  (R)  was  observed 
when  the  isopachs  of  the  Colorado  Shale  interval 

1  i 

between  the  top  of  the  Colorado  Group  and  the  top 
of  the  Medicine  Hat  Sandstone  were  compared  in 


; 
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the  same  area. 

iii.  The  structural  elevation  values  for  the  top  of  the 
Medicine  Hat  Sandstone  Member  and  the  top  of 
the  Colorado  Group,  obtained  from  the  two  types 
of  logs  are  highly  correlative.  The  combination 
of  electric  log  and  radiation  log  data  of  this  type 
is  justified  statistically  for  this  general  area. 

iv.  Sections  i  and  iii  above  are  inconsistent  when  the 
interval  between  the  top  of  the  Colorado  Group 
and  the  top  of  the  Medicine  Hat  Sandstone  Member 
is  considered.  It  is  thought  that  the  low  correla¬ 
tion  coefficient  (R)  for  this  isopach  interval  may 
be  due  to  an  insufficient  number  of  samples  when 
data  from  the  22  common  wells  are  compared  and 
to  contouring  errors  when  data  from  the  maps  are 
compared. 

Vo  The  comparison  of  the  sand  isolith  values  calculated 

from  the  electric  logs  by  adding  the  sa.ndy  zones 
showing  a  5  millivolt  and  10  millivolt  or  higher 
spontaneous  potential  deflections  on  the  electric 
log  curve,  shows  the  existence  of  a  high  degree 
of  correlation  between  the  two  sets  of  values,  sug¬ 
gesting  that  the  selection  of  either  of  these  two 


' 


. 


" 

• 
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arbitrary  limits  for  the  definition  of  net  sand  thick¬ 
ness  of  the  Medicine  Hat  Sandstone  Member  has 
the  same  geological  significance,  A  higher  value 
of  net  sand  thickness  is  obtained  if  a  5  millivolt 
spontaneous  potential  deflection  is  selected  as  the 
arbitrary  limit  for  the  definition  of  sandstone. 
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APPENDIX  A 
Location  of  Samples 
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LEGEND 

T  -  Thin  Sections  Unusable 

T*  -  Examined  Thin  Section 

T**  -  Compositional  minerals  grain  counted 

M  -  Heavy  mineral  sample 

C  -  X-ray  diffraction  sample 
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1.  Medicine  Hat  if 7-20 

Lsd.  7,  Sec.  20,  Twp.  11,  Rge.  6  W4M. 

Elevation:  2417'  K.  B. 

Depth  below  K.  B.  (feet) 

1065.0  T**C 
1070.0  T 
1075.0  T 

2.  Canadian  Export  Gas  Medicine  Hat 

Lsdo  10,  Sec.  27,  Twp.  12,  Rge.  2  W4M. 

Elevation:  2785'  K.  B. 

Depth  below  K.  B.  (feet) 

1547.8  T*M 

1552.8  T 

1557.8  T 

1562.8  T 
1568.5  T 

3.  Calvan  Medicine  Hat 

Lsdo  6,  Sec.  29,  Twp.  12,  Rge.  3  W4M. 

Elevation:  2572'  K.  B. 

Depth  below  K.  B.  (feet) 

1432.0  T 


1437.0  T 


' 

, 
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1441 . 5  T 

4.  Canadian  Delhi  PashLy  1 

Lsd.  11,  Sec.  35,  Twp.  12,  Rge.  4  W4M, 
Elevation:  2513'  K.  B. 

Depth  Below  K.  B.  (feet) 

1 324o  0  T* 

1 329  o 0  T 

,  l 

1334.0  T 
1339°  0  T 
1344.0  T* 

1349.0  T** 


5.  City  of  Medicine  Hat  6-25 

Lsd.  6,  Sec.  25,  Twp.  12,  Rge.  5  W4M„ 
Elevation:  2417'  K.  B. 

Depth  below  K,  B.  (feet) 

1185.0  T 
1190.0  T 
1195.0  T** 


1204.0  T 
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6.  Saxet  Medicine  Hat 

Lsd.  6,  Sec.  17,  Twp.  13,  Rge.  ]  W4M. 

Elevation:  2393'  K.  B. 

Depth  below  K.  B.  (feet) 

1410.0  T* 

1415. 0  T 

7.  Britalta  Crescent  Medicine  Hat  6-29 

Lsd.  6,  Sec,  29,  Twp.  13,  Rge.  2  W4M. 
Elevation:  2391'  K.  B. 

Pep th  helo w  K.  B. _ ( f cct ) 

1368.0  T* 

1373.0  T 
1378.0  T* 

1384.2  T 

8.  Britalta  Crescent  Medicine  Hat  10-17 

Lsd.  10,  Sec.  17,  Twp.  13,  Rge.  3  W4M. 

Elevation:  2546'  K.  B. 

Depth  b e low  K.  B.  (feet) 

1405.0  T* 

1405.5  T* 

1413.0  T* 

1418.0  T* 
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142  3.0  T* 

1428.0  T* 

1430.0  T* 

9o  Dom  Glass  Medicine  Flat 

Lsd.  6,  Sec.  34,  Twp.  13,  Rge.  6  W4M. 

Elevation:  2431'  K.  B. 

Depth  below  K.  B.  (feet)_ 

1225.0  T 
1230.0  T 
12  35.0  T* 

1245.0  T*  CM 
1250.0  T 

10.  Medicine  Flat  6-13 

Lsd.  6,  Sec.  13,  Twp.  14,  Rge.  2  W4M. 
Elevation:  2438'  K.  B. 

D ep th  below  K.  B. _ ( feet) 

1403.0  T 
1428.0  T* 

1437.0  T** 

1456.0  T 
1457.0  T 


1462.0  T 


. 
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11.  Medicine  Hat  10-18 

Lsd.  10,  Sec.  18,  Twp.  14,  Rge.  3  W4M. 

Elevation:  2474'  K.  B. 

Depth  below  K.  B.  (feet) 

1386.0  T 
1388.0  T 
1391.0  T 
1396.0  T 

12.  Guyer  Medicine  Hat 

Lsd.  6,  Sec.  29,  Twp.  15,  Rge.  1  W4M, 
Elevation:  2726'  K.  B„ 

Depth  below  K,  B .  (feet) 

1790.0  T 
1795.  0  T 
1810.0  C 

13.  Canadian  Delhi  Medicine  Flat 

Lsd.  6,  Sec.  5,  Twp.  15,  Rge.  2  W4M. 

Elevation:  2604'  K.  B. 

I) epth  below  K.  Bo  ( f eet) 

1602.0  T* 

1607.0  T** 


1617.0  T 


- 
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14.  Canadian  Delhi  Medicine  Hat 

Lsd.  10,  Sec.  28,  Twp.  15,  Rge.  3  VMM. 

Elevation:  2600'  K.  B. 

Depth  below  K.  B.  (feet) 

1591.0  T 
1594.0  T 
1609.0  T 

15.  Mic  Mac  Medicine  Hat 

Lsd.  10,  Sec.  25,  Twp.  15,  Rge.  4  W4M. 

Elevation:  2471'  K.  B. 

Depth  below  K.  B.  (feet) 

1438.0  T 
1443.  0  T* 

1448.0  T* 

16.  Mic  Mac  Medicine  Hat 

Lsd„  11,  Sec.  23,  Twp.  15,  Rge.  5  W4M. 

Elevation:  2372'  I\.  B. 

Depth  below  K.  B.  (feet) 


1209.0  T 
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17.  N CO  Schuler  Medicine  Hat 

Lsd.  11,  Sec.  21,  Twp.  16,  Rge.  1  W4M. 

Elevation:  2723'  K.  B. 

Depth  below  K,B.  (feet) 

1884.0  T** 

1889.0  T 
18  98.0  T 

18.  Canex  Schuler  Medicine  Hat 

Esd.  11,  Sec.  27,  Twp.  1 6,  Rge.  2  W4M. 

Elevation:  27161  K.  B. 

Depth  below  K,  B.  (feet) 

1817.5  T 

1827.5  T 

19.  Canadian  Delhi  Medicine  Hat 


Lsd. 

6,  Sec.  1, 

T  wp . 

16,  Rge. 

3  W4M. 

Elevation: 

2699’ 

K.  B. 

Depth 

l  below  K.  B 

.  (fee 

t) 

1  737.5  T* 

Mic  Mac  Medicine  Hat 

Lsd. 

7,  Sec.  23, 

T  wp . 

16,  Rge 

.  4  W4M. 

Elevation: 

2553' 

K.  B. 

Depth 

i  below  K.  B 

.  (fee 

t) 

1524.2  T 
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21.  Canex  Hilda  Medicine  Hat 

Lsd.  11,  Sec.  36,  Twp.  17,  Rge. 

Elevation:  2510'  K.  B. 
Depth  below  K B.  (feet ) _ 

1665.0  T*M 
1670.0  T** 

22.  BritaLa  Hilda  Medicine  Hat 

Lsd.  7,  Sec.  6,  Twp.  18,  Rge.  2 
Elevation:  2526'  K.  B. 
Depth  below  K.  B.  (feet) 

1669.0  T** 

1674.0  T*C 

2  3.  Cane  rude  Hilda 

Lsd.  10,  Sec.  26,  Twp.  19,  Rge. 

Elevation:  2451'  K.  B. 

Pep tli  below  K.  B.  (feet) 

1664.0  T**M 

24.  R.O.  C.  Hilda 

Lsd.  6,  Sec.  32,  Twp.  19,  Rge. 

Elevation:  2354'  K.  B. 
Depth  below  K.  B.  (feet) 

1  578.0  T* 


2  W4M. 


W4M. 


1  W4M. 


2  W4M. 


-  A10  - 


25. 


R.  O.  C,  Hi  Ida 

Esd.  7,  Sec.  27,  Twp.  20,  Rge. 

Elevation:  2751'  K.  B. 

D 212 th  below  Ke  B.  (f ee t ) 


4  W4M. 


1430.0  T 
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APPENDIX  B 

Selected  Electric  &  Radiation  Logs  of  Wells 


LEGEND 


Milk  River  Formation 


Upper  Colorado  Shale  Formation 


Medicine  Hat  Sandstone  Member 


-  B2  - 


Albercan  Boxelder  Creek  #1 


Lsd. 


4,  Sec.  12,  Twp.  11,  Rge. 
Elev.  2727'  (K.  B.  ) 

Mud  Pvesistivity  2.  0  ohms. 


30,  W3M. 


m^/m.  @  7  2°F. 


\ 


. 

. 


Mic  Mac  et  al  Hilda 
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Lsdo  6, 


Sec.  12, 


Twp.  19,  Rge.  2,  W4M. 


Elev.  2445'  (K.  B.  ) 


Mud  Resistivity  5.  0  ohms.  m^/m.  @  60°F. 


-  B4  - 

Many  Islands  Pipeline  Medicine  Hat 
Lsd„  11,  Sec.  34,  Twp„  14,  Rge.  2,  W4M< 
Elev.  2587'  (K.  B.  ) 

2 


Mud  Resistivity  1.4  ohms.  m^/m.  @  72°F. 
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Many  Islands  Pipeline  Medicine  Hat 


Lsd.  6,  Sec.  2  2,  Twp.  J  3,  Rge,  3,  W4M. 
Elev.  255  01  (K.  B.  ) 
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Miller  Pyrcz  #7-28 

I 

Lsd,  7,  Sec o  28,  Twp.  12,  Rge.  2,  W4M. 
Ele v,  2687'  (K.  B.  ) 


2 


Mud  Resistivity  5.2  ohms.  m^/m.  @  54°F 


B8 


RothweLL  et  al.  Hatton 

Rsdo  10,  Sec.  36,  Twp.  14,  Rge.  27,  W3M. 

Elev.  2423'  (K.  B.  ) 

Mud  Resistivity  3.  78  ohms.  m^/m.  @  78° F 


APPENDIX  C 
Selected  Core  Description 


i 


Depth 
1  71  9!to 


1733'  6" 


-  Cl  - 

Canadian  Export  Gas  Irvine 
Lsd.  10,  Sec.  20,  Twp.  11,  Rge.  2  W  4  Mer. 

Elevation  28 1  81  K.  B. 

Cored  Interval  1719  to  1742  feet  (23  feet) 

Recovery  20  feet 
Thickne  s  s 

1  733'  6"  14'  6"  SANDSTONE,  light  to  medium 

grey,  "salt  and  pepper"  fine  to 
medium-grained,  soft,  friable 
to  consoli dated, fossiliferous, 
calcareous,  thinly  bedded,  silty 
lenses  present  and  becoming 
more  common  with  depth.  Sand¬ 
stone  grades  to  silty  shale  in 
its  lower  part. 

to  1734'  6"  1 1  SILTYSHALE,  light  to  dark  grey, 

fine  grained,  consolidated,  cal¬ 
careous,  thinly  bedded,  gener¬ 
ally  unfossiliferous , showing  the 
characteristics  of  a  transitional 
zone  from  overlying  sandstone 


to  the  underlying  shale. 


C2  - 


1734'  6"  to  1739'  4'  6"  SHALE,  light  to  dark  grey,  con¬ 

solidated,  nonca Icareous  to  cal¬ 
careous,  thinly  bedded,  unfos- 
si lifer ous,  thin  streaks  of  silty 
and  sandy  material  common, 
inter  lay ed  with  the  shale. 

Canadian  Export  Gas  Medicine  Hat 
Lsdo  10,  Sec.  27,  Twp.  12,  Rge.  2  W  4  Mer. 

Elevation  2785'  K.  B. 

Cored  Interval  1540  to  1 6 1 6  feet  (76  feet) 

Recovery  76  feet 

Dep  th  Thi  ckne  s  s 

1540' to  1547'  8"  7'  8"  SHALE,  dark  grey,  white  speck¬ 

led,  compact  and  thinly  bedded, 
fo  s  si  liferous,  calcareous, 
grading  to  the  underlying  sand¬ 
stone,  the  lower  3'  showing  an 
increase  in  the  thickness  of 
sandy  layers  with  the  sandstone 
being  comparatively  compact 
and  fine  grained.  Bentonite 
layers  of  1"  thickness  at  1540', 


' 


• 

C3  - 


2"  thickness  at  1542'  and  311 
thickness  at  1544'  6"  present 
in  the  upper  shaly  part. 

1 547 1  8"  to  1568'  6"  20'  10"  SANDSTONE,  light  grey,  fine 

to  medium  grained,  friable  to 
consolidated,  fo  s  siliferous, 
calcareous,  thinly  bedded,  very 
thin  streaks  of  siLtstone  and 
shale  common  in  the  lower 
part,  a  bentonite  layer  is  pre¬ 
sent  at  1551'. 

1568'  6"  to  1  58  0'  11'  6"  SILTYSHALE,  grey  siltstone, 

light  grey  and  shaly  dark  grey, 
inter  lay  ered,  generally  fine 
grained,  compact,  fos  silifer¬ 
ous  and  calcareous.  The 
upper  part  is  rich  in  silty 
material  but  the  shale  con¬ 
tent  increases  with  depth  and 
the  interval  grades  to  shale 


downward. 


-  C4  - 


1  58  O' to  I6l6  1  36'  0M  SHALE,  dark  grey,  compact, 

fo ssiliferous,  lower  part 
richly  calcareous  and  slightly 
silty,  thinly  bedded,  6"  zone 
at  1596'  is  silty  to  sandy  with 
alternate  layers  of  siltstone/ 
sandstone  and  shale . 

City  of  Medicine  Hat  No.  6-25 
Esdo  6,  Sec.  2  5,  Twp.  12,  Rge.  5  V/  4  Mer. 

Elevation  2417'  K.  B„ 

Cored  Interval  1184  to  1214  feet  (31  feet) 

Recovery  30  feet 

i 

SILTY  SHALE,  light  to  dark 
grey,  compact,  fo  s  si  lifer  ous, 
richly  calcareous,  thinly  bed¬ 
ded,  carbonaceous  material 
present  in  silty  layers,  silty 
shale  grades  into  underlying 
sandstone. 

SANDSTONE,  light  grey,  fine 
to  medium  grained,  consolidated 


Depth 


Thicknes  s 


1184'to  1 185 1 


1 1  0" 


1185'  to  1193'  4' 


81  41 


. 


- 


1 1 


■ 
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but  not  very  compact,  upper  2 
to  3  feet  friable,  fossiLiferous 
(Inoce ramus  fragments),  cal¬ 
careous,  thinly  bedded  with 
carbonaceous  material  (coal 
fragments).  The  lower  part 
of  the  interval  is  silty  to  shaly 
in  layers. 

1193'  4"  to  1194'  O'  8"  SILTY  SHALE,  light  to  dark  grey, 

compact,  fo  s  si  liferou  s,  calcar¬ 
eous,  thinly  bedded,  grading  to 
underlying  sandstone. 

1194' to  1204'  10'  0"  SANDSTONE,  light  to  dark  grey, 

fine  to  medium-grained,  com¬ 
pact,  fos  siliferous,  richly  cal¬ 
careous,  thinly  bedded  and 
grading  into  the  underlying 
silty  shale. 

1204'  to  1212’  6"  8'  6"  SILTY SHALE,  light  to  dark  grey, 

the  upper  part  comparatively 
rich  in  silt,  the  lower  part  dom¬ 
inantly  shale,  and  the  central 


. 


-  C6  - 


part  being  a  mixed  inter  lay ed 
zone. 

121?.'  6"  to  1214'  1'  6"  SHALE,  dark  grey  white  speck¬ 

led,  compact,  fos siliferous, 
calcareous,  thinly  bedded. 

Saxest  Medicine  Hat  No.  6-]  7 
Lsd.  6,  Sec.  17,  Twp.  13,  Rge.  1  W  4  Mer. 

Elevation  2  393'  K.  B. 

Cored  Interval  1405  to  1461  feet  (56  feet) 

Recovery  56  feet 

Dep  th  Thi  ckne  s  s 

1405'to  1425'  20'  0"  SANDSTONE,  light  to  medium 

grey,  fine  to  medium-grained, 
friable  to  compact,  slightly 
fo s siliferous  (Inoc.eramus  frag¬ 
ments)  calcareous,  thinly  bed¬ 
ded,  bedding  is  generally  hor¬ 
izontal.  Intercalations  of  dark 

i 

coloured  white  speckled  and 
calcareous  shale  present  in  the 


sandstone. 


■ 
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142  5' to  1430'  51  0"  SILTY  SHALE,  dark  grey,  white 

speckled,  compact,  fo s silifer ous 
with  thin  (up  to  3  mm)  layers  of 
silt  having  carbonaceous  mater¬ 
ial.  Interval  has  a  gradational 
contact  zone  with  overlying  and 
underlying  lithologies. 

1430' to  1461'  31'  0"  SHALE,  dark  grey,  white  speck¬ 

led,  compact,  fo s siliferous, 
thinly  and  well  bedded,  slightly 
siliceous. 

Britalta  Crescent  Medicine  Hat  No.  10-17 
Lsd.  10,  Sec.  17,  Twp.  13,  Rge.  3  W  4  Mer. 

Elevation  2546'  K.  B. 

Cored  Interval  1390  to  1431  feet  (42  feet) 

•  i 

Recovery  42  feet 

Depth  Thickness 

1390rto  1403'  14'  0"  SHALE,  dark  grey,  white  speck¬ 

led,  compact,  calcareous,  fos- 
si  lifer  ous  (Pelecypods  and  Inoc- 
eramus),  thin  silty-sandy  layers  - 


become  more  abundant  in  lower 


-  C8  - 


140  3' to  1431'  28’  0" 


21  of  the  interval.  Up  to  1" 
thick,  light  grey,  fos  siliferous 
bentonitic  zones,  about  6"  apart 
abundant  in  black  shale  in  1399 
to  1401’  zone. 

SANDSTONE,  "salt  and  pepper", 
not  very  compact,  soft,  friable, 
containing  abundant  layers  of 
shale  1  to  3  mm„  in  thickness. 
Upper  one  foot  thin  bedded,  wavy, 
disrupted,  bioturbated,  calcar¬ 
eous,  resistant  sandstone,  bed¬ 
ding  even  and  horizontal,  with 
tendency  to  blocky  vertical  frac¬ 
ture.  Basal  contact  gradational 
by  increasing  frequency  and 
thickness  of  shale  beds  with  the 
lower  l1  of  interval  dominantly 
shaly.  Black  and  brown  carbon¬ 
aceous  remains  less  than  2  mm 
thick  common  in  lower  part  of 
core.  Average  porosity  29% 


(determined  by  Core  Labor  a- 


"■ 4 

-  C9  - 


tories  Ltd.  ). 

Dom  Glass  Medicine  Hat  No.  6-  34 
Lsd.  6,  Sec.  34,  Twp.  13,  Rge.  6  W  4  Mer. 

Elevation  2431'  K.  B. 

Cored  Interval  1210  to  1267  feet  (57  feet) 

Recovery  52.  6  feet 

Depth  Thi ckne  s  s 

121  O' to  1220'  10'  0"  SHALE,  dark  grey,  white  speck¬ 

led,  compart,  consolidated, 
thinly  bedded,  fo s silif er ous, 
calcareousness  increases  with 
the  abundance  of  fossil  shell 
fragments  of  Inoceramus,  1" 
thick  bentonite  zone  present  at 
a  depth  of  1219'  3".  Cut  and  fill 
structure  is  shown  by  the  irreg¬ 
ular  shaped  clots  of  silty/ shaly 
material  in  the  shale. 

122  0'  to  1225’  51  0"  SILTY  SHALE,  thin  layers  of 

silty/ sandy  material  are  inter¬ 
calated  with  the  dark  shale. 


The  frequency  and  percentage 


CIO  - 


of  coarser  material  increases 
with  depth*  Contact  gradational 
between  the  overlying  and  under¬ 
lying  sandstone„  The  sandstone 
in  the  lower  zone  has  thicker, 
irregular  "salt  and  pepper" 
type  of  sandstone  layers  in 
whi te  1  speckled  shale. 

1225'  to  1250'  25'  0"  SANDSTONE,  dark  grey,  gener¬ 

ally  compact  with  friable  zones, 
thinly  bedded,  compact  medium  - 
grained  dolomitic.  material  2" 
to  3"  thick  marks  the  lower  con¬ 
tact  of  the  sandstone  with  shale. 
Contact  gradational  with  the 
underlying  shale.  A  carbon¬ 
aceous,  fossiliferous  and  cal¬ 
careous  friable  zone  of  2  1/2" 
thickness  is  present  in  the  sand¬ 
stone  2  1  / 2'  above  the  lower  shale 
and  sandstone  contact. 

1250'  to  1262’  6"  12'  6"  SHALE,  dark  grey,  white  speck¬ 

led,  compact,  thinly  bedded,  cal- 


Cll 


careous,  richly  fos siliferous, 
cut  and  fill  structures  in  shale, 
filling  mostly  by  silty/sandy 
material.  Two  bentonite  zones 
at  the  depths  of  1.257'  9"  and 
1261  '  with  less  than  1"  indiv¬ 
idual  thickness  present  in  shale. 

1262'  6"  to  1267'  4'  6"  Core  lost. 

Many  Islands  Pipeline  Medicine  Hat  No.  6-13 
Lsd.  6,  See.  1  3,  Twp.  14,  Rge.  2,  W  4  Mer. 

Elevation  2438'  K.  B. 

Cored  Interval  1402  to  1477  feet  (75  feet) 

Recovery  72  feet 

Dep  th  Thi  ckne  s  s 

1402' to  1427'  25'  0"  SHALE,  dark  grey,  white  speck¬ 

led,  compact,  silty/sandy  thin 
layers  significant  in  the  lower 
part  and  are  distinguishable 
because  of  their  lighter  colour. 

142  7' to  1432'  5'  0"  SANDSTONE,  "  salt  and  pepper", 

very  fine  grained,  micaceous, 


- 


. 


-  C12  - 


1432‘to  1452' 


1452'  to  1466' 


carbonaceous,  calcareous. 

201  0"  SHALE,  dark  grey,  compact, 

fos siLiferous, very  thin  light 
coloured  silty  zones,  especial¬ 
ly  abundant  in  the  lower  part 
of  the  core. 

1439'to  1442'  Compact  siliceous 
shale  layers  of  upto  6"  thick¬ 
ness  and  dark  grey  in  colour 
present.  A  bentonite  layer  1" 
thick  at  1441'  depth. 

14'  0"  SANDSTONE,  "salt  and  pepper" 

fine  grained,  light  to  dark  grey, 
not  very  compact,  friable,  thinly 
bedded,  fossiliferous,  calcareous, 

'l 

the  upper  part  rich  in  silty  mat- 
erial.  It  has  gradational  contact 
with  underlying  shale  and  lower 
part  of  the  sandy  section  is  dom¬ 
inantly  shaly.  A  bentonite  layer 
of  1 "  thickness  at  a  depth  of 


1464'. 


Cl  3  - 


1467'to  1475'  8'  0"  SHALE,  da  rk  grey,  c ornp act 

and  calcareous.  Average  por¬ 
osity  23%  (determined  by  Core 
'  Laboratories  Ltd.  ). 

Guyer  Medicine  Hat  No.  6-29 
Lsd.  6,  Sec.  29,  Twp.  15,  llge.  1  W  4  Mer. 

Elevation  2726'  K.  B. 

Cored  Interval  1785  to  1835  feet  (50  feet) 

Recovery  5  0  feet 

Dep  tb  Thi  ckne  s  s 

1785' to  1790'  5'  0"  SHALE,  dark  grey,  white  speck¬ 

led,  compact,  consolidated, 
thinly  bedded,  fo s  silifer ous, 
slightly  calcareous,  cut  and  fill 
structures  present.  Silt/ sand 
is  generally  the  filling  material 
in  these  structures. 

1790’to  1812'  6"  22'  6"  SILTYSHALE,  dark  grey  shale 

with  light  to  medium  grey  col¬ 
oured  streaks  of  silt/ sa.nd„  The 
silty/sandy  layers  are  generally 


common  in  the  central  part  of 


this  section,  the  upper  and  lower 
parts  are  dominantly  shaly. 

Shale  is  white  speckled  and  varie 
from  uncalcareous  to  calcareous. 
Calcareousness  varies  with  the 
fossil  fragment  content.  Shale 
is  consolidated  but  its  compact¬ 
ness  varies  from  depth  to 
depth.  Cross-bedding  at  a 
depth  of  1801'  4"  observed. 

SHALE,  dark  grey,  consolidated 
upper  contact  zone  of  l1  thick¬ 
ness  has  silty  material  in  it  in 
the  form  of  clots  and  thin  layers. 
It  is  calcareous  to  noncalcar- 
eous,  fos siliferous  and  thinly 
bedded.  A  3M  thick  calcite  rich, 
compact,  light  grey  zone  present 
at  a  depth  of  1815'  9"  inter - 
layered  with  shale.  A  2"  thick 
bentonite  layer  of  medium  grey 
colour  present  at  a  depth  of 


1815'. 


* 
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Canadian  Delhi  Medicine  Hat  No.  6-1 
Lsdo  6,  Sec.  1,  Twp.  1 6,  Rge0  3  W  4  Mer. 

Elevation  2699’  K.  B. 

Cored  Interval  1730  to  1750  feet  (20  feet) 

Recovery  20  feet 

Dep  th  Thi  ckn  ess 

1730'to  1732'  6"  21  6"  SHALE,  dark  grey,  compact, 

consolidated,  calcareous  and 
fos siliferouso  Streaks  of  sandy 
and  silty  material  present.  The 
contact  with  the  lower  shaly- 
sandy  zone  is  gradational. 

1732'  6"  to  1742'  6"  10'  0"  SHALY- SANDS  TONE,  light  to 

medium  grey  coloured,  fine  to 
medium  grained,  thinly  bedded, 
but  shale  interfingers  and  is 
white  speckled.  In  the  sandy 
zone  cut  and  fill  structure  ob¬ 
served.  The  lower  zone  is 
rich  in  shale  because  of  grad¬ 
ational  lower  contact,  fossil 
fragments  are  present.  It  varies 


from  calcareous  to  noncalcareous 


-  Cl  6  - 


1742'  6 


Depth 
1 640'  to 


in  nature. 

"  to  1  750'  7'  6"  SHALE,  dark  grey,  white  speck¬ 

led,  thinly  bedded,  consolidated, 
compact,  fo s si liferou s  with  Inoc- 
eramus  fragments  common,  cal¬ 
careous,  thin  sandy/  silty  streaks 

.  1  I 

i  present  and  their  frequency  and 

thickness  increases  in  the  upper 
part  of  this  section  of  the  core. 

Britalta  Hilda  Medicine  Hat  No.  7-6 
Lsd.  7,  Sec.  6,  Twp.  18,  Rge.  2  W  4  Mer. 

Elevation  2526'  K.  B. 

Cored  Interval  1640  to  1690  feet  (50  feet) 

Recovery  40  feet 
Thickness 

1669'  19'  0"  SHALE,  dark  grey,  white  speck¬ 

led,  compact,  consolidated, 
calcareous,  fos  siliferous,  carbon¬ 
aceous  fragments  present.  Four 
bentonite  layers  with  1/4", 

2  1/2",  2",  and  1/2"  thicknesses 


are  encountered  at  the  depths  of 


. 
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1641'  4",  164-6',  1661'  and  1668' 
3"  respectively.  The  2  1/2" 
thick  bentonite  layer  is  assoc¬ 
iated  with  micaceous  material. 
The  2"  thick  bentonite  layer  at 
the  depth  of  166 11  overlies  a  1" 
thick  pure  fossiliferous  lime¬ 
stone  layer.  The  compactness 
in  the  lower  part  of  this  section 
decreases  because  of  increase 
in  silt  content.  The  lower  con¬ 
tact  is  gradational. 

1  669’ to  16851  6"  1 6 ’  6"  SHALY -SANDSTONE,  medium 

grey,  fine  to  medium- grained, 
compact,  well  consolidated, 
calcareous,  fossiliferous,  thinly 
bedded.  Shale  interlayers  with 
silt/ sand.  The  lower  part  of 
this  section  rich  in  shale  and 
shows  the  gradational  nature  of 
the  lower  contact.  Shale  inter¬ 


calations  are  white  speckled  and 


Cl  8  - 


carbonaceous.  Bedding  is  ir¬ 
regular  and  variable  from  one 
section  to  the  other. 


APPENDIX  D 


Computer  Outputs 


Linear  Regression  Plots 
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Map  3  Isopach  Map  -  Medicine  flat  Sandstone  Me-nber  -  electric  log  data 
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Map  1  Isopach  Map  -  Top  Colorado  Group  to  top  Medicine  Hat  Sandstone  Member  -  electric  log  data 


c  - 

</i  r\  r- 
w.  *\  o 
tu  r*  r/ 

a  .*■  m  f\,  -f  rn 

O  •>  f-  r°  0  o 

Uj  rv  rJ  •  e.  ru 

X.  S3  •  'T 

O  O 


I 


Iaopach  Map  -  Top  Colorado  Group  to  top  Medicine  Hat  Sandstone  Member  -  radiation  log  data 


-  D6  - 


Map  3  Isopach  Map  -  Medicine  Hac  Sandstone  Member  -  electric  leg  data 
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Map  11  Isolith  Map  -  Medicine  Hat  Sandstone  Member  (10  millivolt  S.P.  deflection) 
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APPENDIX  E 

Formulae  for  the  Calculation  of  Mean,  Standard 


Deviation  and  Correlation  Coefficient 


El 


The  program  reads  in  each  of  the  m  observations  on  the  n 
variables  and  accumulates  the  sums,  sums  of  squares  and  sums  of 
cross  products  as  well  as  finding  the  minimums  and  maximums  of 
each  of  the  n  variables,, 

The  covariances  are  calculated  according  to  the  formula: 


Cov(X.,  X.) 
i  J 


m 


l  xixj 


m  m 

l  n  l 
1  1  J 


n 


n-  1 


where  j  =1,  2,  .  .  . ,  n 
and  i  =  j,  j  +  1,  0  „  .  ,  n 


The  standard  deviations  are  calculated  by  finding  the  square 
root  of  the  variables.  Since  Var(Xh  =  Cov(Xi5  X^  the  formula  used 
i  s : 

SD(X. )  =  ^(X.,  X.)  where  i  =  1,  2,  .  .  . ,  n 

The  means  are  computed  by 


m 


X-  = _ - _  where  i  =  1,  2,  .  „  .  ,  n 

i  n 


The  correlation  coefficients  are  computed  using  the  formula: 


-  E2  - 


Cov(xi:  x.) 

J 

SD(Xi)SD(Xj ) 


where  i  ■=  1,  n-1 

and  j  =  i+lj  i+2,  .  .  n 


l 


